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ABSTRACT
CHILDREN’S MEMORY AND COMPREHENSION FOR A STORY:
COMPARISON OF AUDIO, AUDIO-VISUAL, AND INTERACTIVE CD-
ROM MEDIA PRESENTATION
FEBRUARY 1998
CHRISTINE M. RICCI, B.A., COLLEGE OF THE HOLY CROSS
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Carole R. Beal
This study was designed to examine the influence of different
media presentations on children’s comprehension and memory of a story.
Sixty-six first grade children experienced a well-structured story presented
either by audio, audio-visual, or interactive CD-ROM media. Within the
interactive CD-ROM condition, children either controlled the interactions
(participant) or observed another child's interactions with the program
(observer). The interactive CD-ROM contained a wide variety of
animations and sound effects that were considered mostly irrelevant to
the story content. All children received a memory and comprehension
interview containing a free recall question, specific factual and inference
questions, a picture sequencing task, and media preference questions.
Results indicated no difference among the media conditions in terms of
children’s free recall of the story. However, children's recall of the story
categories fit the pattern established by story grammar theory. In terms of
the specific memory questions and picture sequencing task, children who
just heard the story (audio) performed significantly worse than the
children in the other media conditions, even when the questions were
vi
based on information that was contained in the narration. All children
performed better on the inference than factual questions. Interestingly,
there were no differences in terms of memory or comprehension among
the audio-visual, participant, and observer interactive CD-ROM media
conditions. It appears that watching irrelevant objects and animations did
not distract children from comprehending the story. The presence of a
well-established story grammar structure may have facilitated children’s
ability to retain the basic story components despite interruptions. In
addition, explorations within the CD-ROM were documented and
described for children in the participant interactive media condition.
Although there was a surprising amount of variability in children's
interactive behavior, it appears that gender may have influenced both the
amount and type of interactions with the story program. Results are
discussed in terms of the implications for children's multimedia design.
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CHAPTER 1
INTRODUCTION
Today, children can experience stories through a variety of
different media. First, children can listen to a story as it is
presented by either another person, radio or audio tape. These modes
of storytelling correspond to the traditional oral presentation of
information. Stories with an oral history typically are well-
structured and unfold in a linear sequence to facilitate memory and
comprehension. The verbal narration may or may not be accompanied
by pictures and images. Second, children can experience televised
stories where the verbal narration is accompanied by visual
information and special production features. Dual processing (visual
and auditory) of story information may facilitate children's ability
to bridge scenes and make inferences. Third, the advent of new
computer technologies offer children new options designed to
heighten the story experience. Interactivity and control over the
rate and structure of presentation may increase interest in and
motivation for story material, however, it also presents new
challenges for integrating, remembering, and comprehending
information.
Storytelling has been traditionally linear in that stories tend
to follow a sequence of events (beginning, middle, end) that remains
invariant across repeated readings. Both audio and televised stories
adhere to this linear presentation. Interestingly, computer
software
designers have developed a way to keep the linear structure in
a
story while also making the experience interactive.
Most notably,
this format is used with young children's story
CD-ROMS. Similar to
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a book presentation, each page of the story is displayed in a
sequential order on the computer screen. However, at each page, the
user is able to click the mouse on nearly any object on the screen to
experience either an animation or sound effect. Clickable elements
can include central story characters and objects, background
scenery, and peripheral details. The user controls the amount of
interactivity within each scene and chooses when to move on to the
next page of the story (by clicking on an arrow usually found at the
bottom right corner of the screen). In this way, the user is in
control of both the audio-visual display and the pace of the
information presented, but the story structure remains in its
traditional and familiar linear form.
Although the story content may be the same, the format each
medium uses to present the story may have differential effects on
children’s understanding. More specifically, the relevance and pace
of the presented information may influence children’s
comprehension and memory for the material. This study will
examine children’s comprehension and memory for a linear story
presented either through an audio, audio-visual, or interactive media
format. The assessment of memory and comprehension will be
guided by story grammar theory.
Listening to Stories
Throughout history, stories have been preserved through oral
narration, passed on and remembered from person to person. Such
oral presentations are believed to have developed and shaped
a story
grammar schema (Mandler & Johnson, 1977). This structure
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categorizes story information to facilitate story comprehension,
storage, and retrieval. Story grammar theory research, primarily
conducted with aurally presented stories, has found that people
employ story schemas to understand and remember stories they hear.
Further, some categories of information are established earlier than
others suggesting a developmental pattern in story grammar
acquisition.
Storv Grammar Theory
Research has identified an internal structure for simple
stories. Originally interested in how recall of stories changes over
time, Bartlett (1932) had subjects listen to a story and then recall
it at varying delay intervals. An underlying story structure or
schema was found that seems to remain invariant across stories.
This schema is an idealized internal representation of the
categories of a typical story and the relationships among those
categories (Mandler & Johnson, 1977; Rumelhart, 1975; Stein &
Glenn, 1979; Thorndyke, 1977). Story grammars are used to organize
incoming information and guide comprehension during encoding as
well as to facilitate the retrieval of story information. Only
information that is essential to the plot is stored in the schema.
The story grammar is instrumental in encoding incoming
information, managing and organizing the information until the story
is complete, and storing the central information of the story.
Sentences in the story form the surface structure and describe
internal or external states or events, called nodes. These nodes can
be connected causally or temporally (Mandler & Johnson, 1977).
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Nodes comprise the basic unit of the story grammar. Events in the
story are related by the type of node they represent (state/event,
internal/external) and by the between node connections
(causal/temporal). Recall of story information is a function of the
importance of the node in the overall structure of the story.
Although each of the models (Mandler & Johnson, 1977;
Rumelhart, 1975; Stein & Glenn, 1979; Thorndyke, 1977) labeled the
story categories somewhat differently, they all contain the same
basic elements, which consist of a setting, initiating events,
responses, and an outcome or resolution (Schmitt & O’Brien, 1986;
Thomas, Englert, & Morsink, 1984). The setting introduces the main
characters, time, and place of the story action. The initiating event
or ‘problem’ is the predicament that the character(s) encounter on
route to achieving a goal. The response includes both external
actions to achieve a goal and the internal reactions of the
character(s). Finally, the outcome is the result of the character(s)
actions and attempts to achieve the goal as well as any evaluative
comment or moral to the story. More complex stories contain many
episodes (initiating event-response-outcome) before the final goal
is obtained. These episodes can either be connected in a temporal
sequence, causal, or additive relationship (Goldman & Varnhagen,
1986). Recall will be enhanced to the degree that the story
conforms to an ideal structure; setting, initiating event, response,
outcome sequences (Mandler & Johnson, 1977). In other words,
stories that contain all the basic nodes in the correct order will be
remembered better than stories that lack nodes or that are in a
jumbled order. Further, because the node is the basic unit of recall
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elaboration of nodes will be poorly recalled (Mandler & Johnson,
1977).
Developmental Trends in Storv Grammar Acquisition
A number of studies have demonstrated that even young
children are sensitive to the structure of stories and have a similar
but less developed story grammar as compared to adults (Brown,
1975; Page & Stewart, 1985; Slackman & Nelson, 1984; van den
Broek, Lorch, & Thurlow, 1996; Yussen, Matthews, Buss, & Kane,
1980). Children who have heard many stories internalize the
structure and use the schema to further organize and understand the
content of stories. Children increasingly use these internalized
representations to comprehend, recall, and even create stories
(Brown, 1975; Mandler, 1983; Nelson & Gruendel, 1986). Four trends
have been found in the development of children’s story schema
skills. First, although the settings, initiating events, and
consequences of stories are generally recalled best (Mandler &
Johnson, 1977; Stein & Glenn, 1979), young children, older children,
and adults differ in their pattern of story category recall. Young
children tend to recall more consequences or outcomes (Goldman &
Varnhagen, 1986; Stein & Glenn, 1979). Older children focus more on
goals and attempts (Mandler & Johnson, 1977; Stein & Glenn, 1979;
van den Broek et al., 1996), and adults are more likely to remember
reactions of the story characters (Mandler & Johnson, 1977).
Second, young children are poorer than older children and
adults at recalling information presented in a jumbled or
disorganized fashion (Buss, Yussen, Mathews, Miller, & Rembold,
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1983; Mandler, 1983). Young children are less able to use story
structure knowledge to organize information. Brown (1975) had
kindergarten and second grade children recall narrative events that
were either logically ordered, arbitrarily ordered, or composed by
the child. For both ages, the ordered and self-composed story
conditions produced superior recall to the arbitrary condition.
Interestingly, even the young children were able to construct their
own simple narratives which conformed to an acceptable story
grammar structure. Further, kindergarten children could recognize
and reconstruct the correct sequence using a picture sequencing task
but had difficulty free recalling the correct order. The testing
condition did not make any difference on the second graders' ability
to recall narrative events. Older children seem to have a more
stable story grammar representation that allows them to organize
incoming information better than younger children.
Third, as children age, production and completion of stories
show increased structural complexity and story schema organization
(Applebee, 1977; Bidell, Gavan, Squire, Hart, & Dusick, 1995; Botvin
& Sutton-Smith, 1977; Shapiro & Hudson, 1991). First graders as
compared to preschoolers were found to include more narrative
complexity in a picture-based story production task and were better
able to introduce and describe story characters and goals (Shaprio &
Hudson, 1991).
Finally, older children are more flexible in applying their story
grammar knowledge in a variety of situations including basal reader
stories (Brennan, Bridge, & Winograd, 1986), writing assignments
(Fitzgerald & Teasley, 1986), and televised stories (Meadowcroft &
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Reeves, 1989; Meringoff, 1980; van den Broek et al M 1996). The key
to this more flexible processing of information may reflect the
ability to select the important information in a story. Yussen et al.
(1980) conducted two experiments to assess children’s
understanding of the essential parts in a story. In contrast to older
children and adults, young children were less able to identify the
most essential aspects of a story (initiating events, actions,
consequences) from the other story events. Between second and
fourth grade, children seem to become more fully aware that a story
can be conveyed just by knowing what initiated a character’s action,
the response, and the consequences of that response. The ability to
discern essential story components gives children more flexibility
in employing their story grammar schemas.
In sum, the above research suggests that there are clearly
defined patterns in children's recall of well-structured aural
stories. Further, as their story schema develops, children become
better able to use their story grammar knowledge in other story
situations. Based upon these findings, the present research
purposely chose a well-structured story that fit the classic story
grammar structure (setting, initiating events, responses, outcome
sequence). Use of the classic story structure would provided a basis
on which to evaluate the influence different media presentations
have on memory and comprehension for stories.
Television Presentation of Stories
Although children have listened to stories for centuries, it
has
only been within the last fifty years that they have also been
able to
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view stories on television. The presentation of visual information
in addition to the verbal narration may affect children's ability to
recall and comprehend story information.
Children’s story grammar knowledge has been found to play an
important role in their comprehension of television programs. It has
long been acknowledged that younger children, as compared to older
children, have more difficulty comprehending adult television
programs (Collins, 1983; Leifer, Collins, Gross, Taylor, Andrews, &
Blackmer, 1971). Studies using more age appropriate stimuli have
found similar results. Rydin (1996) examined children’s
comprehension and interpretations of a televised fairy tale. During
free recall, most of the younger children (age 5-6 years) were not
able to describe all of the program episodes, rather they tended to
focus on a particular episode, scene or event. Only 4% of the younger
children recalled all 5 episodes of the program as compared to 30%
of the older children (age 7-8 years). Most of the older children
were able to free recall between three and five episodes in a
coherent narrative form. Older children tended to start with the
setting and progress through the story in a systematic fashion using
a story schema strategy to guide free recall. Interestingly, when
children’s recall was guided or cued through each episode, children
at both ages could recall events and scenes that were not mentioned
in their original free recall. Even young children can attend
to and
have memory for the various episodes in a television
program,
however, older children are better able to structure and
organize the
information resulting in a more coherent narrative
at retrieval.
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Similarly, van den Broek et al. (1996) found that with age,
recall of televised stories increasingly centers on the events that
play an important role in the causal structure of the stories. It
appears that the same structural properties that influence
children’s and adults’ recall of written stories may also influence
their memory for televised stories. The development of an internal
story schema affects children’s ability to accurately structure their
recall of television programs.
In the present study, the same story will be presented in both
audio and television formats. Because similar developmental
patterns have been found in children's recall of stories for both
television and audio mediums, the story categories in the present
study should be recalled similarly in both media conditions.
However, some research suggests that the production formats and
features of television may affect attention to and comprehension of
the material presented.
Television Viewing Strategies
The story schema may influence children’s allocation of
attention to story information. Story grammars help readers direct
attention to plot relevant information (Mandler & Johnson, 1977;
Yussen et al., 1980). With regard to television programs, one would
predict that children with highly developed schemas would attend
more to the parts of a television program that are essential to the
story plot, while children who are still developing an internalized
story structure may have more difficulty distinguishing between
essential and nonessential plot material. In fact, a number of
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studies have found that older children are better than younger
children at selectively attending to the important information in a
program (Collins, 1970; Collins, Wellman, Keniston, & Westby, 1978;
Hale, Miller, & Stevenson, 1968; van den Broek et al., 1996). The
learning of central content increases linearly as a function of age
(Collins, 1970). In contrast, incidental learning of nonessential
content has been found to increase up to early adolescence and then
decline (Collins, 1970). This drop in children’s performance on
peripheral content comprehension questions between grades 6 and 7
seems to be related to the development of selective attention.
Viewers at this age are able to disregard nonessential content and
focus only on the central information (Collins, 1970; Hale et al.,
1968).
The level of development of children’s story schema skills may
influence the strategies children use for television viewing. For
televised story and nonstory programs, attention and memory for
central and incidental content was examined in children with high
and low story schema development (Meadowcroft & Reeves, 1989).
Story schema development was measured by pretest sorting and
sequencing tasks that assessed the child’s ability to distinguish
between central and incidental story content and the ability to put
events in correct temporal order. Results indicated that children
with a more developed story schema were overall less attentive to
television programs than were children with low story schema
development. However, the children with highly developed schemas
displayed more attention to the central content in the story
condition than in the nonstory condition and showed increased
memory and comprehension for story material as compared to the
children with a low story schema. In contrast, the children with low
story schema skills allocated more attention to the central content
in the nonstory condition suggesting that attention was not a
function of the importance of the content, rather stimulus cues in
the presentation guided viewing behavior.
In conclusion, the story grammar influences the strategies
children adopt for attending to and remembering television stories.
More advanced schema representations facilitate information
processing, leading to greater flexibility of attentional strategies,
better coordination between attention and memory, and increased
memory for central elements over nonessential details.
Production Features and Attention
Both television and CD-ROMS employ a wide variety of
animation and special effects for the purpose of eliciting children's
attention and keeping the program engaging and interesting to a
child audience. It is generally assumed that the more attention a
child gives to a particular segment, the more the child will extract
and learn from that segment. Certain visual and auditory features
attract and hold a child’s visual attention while viewing (Anderson &
Levin, 1976; Watkins, Huston-Stein, & Wright, 1980). Attention is
maintained through high levels of movement and physical activity,
animation, rapid pacing, visual special effects, lively music, rhythm
and rhyme, children’s voices, auditory special effects, and inviting
viewer participation (Anderson & Levin, 1976; Calvert & Gersh,
1987; Watkins et al. , 1980) as well as changes in scene, characters
or themes (Rice, Huston, & Wright, 1983). These production
techniques facilitate comprehension because they periodically
recapture attention and direct it to the message. Bryant and
Zillmann (1981, as cited in Bryant, Zillmann, & Brown, 1983) found
that the insertion of attention-getting stimuli (i.e., fast moving,
colorful objects, sound effects) facilitated the acquisition of
information from an educational program. In addition, Zillmann,
Williams, Bryant, Boynton, and Wolf (1980) found that humor inserts
increased children's visual attention even to semantically unrelated
educational material and subsequently enhanced children's
acquisition of the information. However, humorous segments shown
at a fast pace were more effective in capturing children's attention
than humorous segments presented at a slower pace (Wakshlag, Day,
& Zillmann, 1981). Slower paced insertions may disrupt the flow or
continuity of program messages more than the rapidly paced
television features resulting in less attention allocated to the
program (Calvert & Scott, 1989).
Although the perceptual salience of the stimulus guides
children’s visual attention (Calvert, Huston, Watkins, & Wright,
1982), children may attend to the features of a program because
their media experience has taught them that these features signal
the presence of meaningful and comprehensible program content
(Anderson & Field, 1983; Lorch, Anderson, & Levin, 1979). However,
such features alone cannot hold attention without meaningful
content. Consider that when Sesame Street segments were shown to
children with either Greek dialogue or backward speech on the
soundtrack, visual attention declined (Anderson, Lorch, Field, &
Sanders, 1981). Although the formal features of the program were
still present, the show was incomprehensible and children stopped
paying attention. Children seem to be aware of the
comprehensibility of the material which then influences their
allocation of attention.
Huston and Wright (1977, as cited in Watkins et al., 1980)
propose that across development, children’s attention to and
comprehension of television programs change; the formal features
guide young children’s attention and level of processing but with
increasing age and experience with the medium, children switch to
using the forms and format as cues to mark the comprehensibility
and interest value of a program (Calvert et al., 1982; Collins et al.,
1978). Young children are less able than older children to adjust
their visual attention to a television program by monitoring the
comprehensibility of the content.
Television Comprehension
Young children may also have more difficulty than older
children linking scenes and making inferences. Anderson et al.
(1981) found 2, 3.5, and 5 year old children’s attention was only
slightly reduced when watching randomly ordered segments of a
Sesame Street program as compared to normally ordered segments.
However, when the segments contained Greek dialogue or reversed
speech attention was significantly reduced. Although the random
segments were composed of jumbled scenes, each individual scene
was ordered correctly. Possibly young children only
comprehend
television in terms of short individual scenes. If
young children
have difficulty linking or making the connections between scenes,
then they may not have noticed the difference between the randomly
ordered and normal segments.
In a replication and extension of the Anderson et al. (1981)
study, Pingree (1986) had slightly older children (age 3.5, 5, and 6
years) watch the program and then rate each segment in terms of
comprehension difficulty. Interestingly, only the six year olds rated
the random and the two disturbed language bits (Greek language and
reversed speech) as more difficult to comprehend than the normal
bits. Younger children were not able to significantly differentiate
between the difficulty level in understanding the random and normal
segments. This is further evidence that young children may be poor
at recognizing the connections between scenes in television
programs.
The story grammar literature suggests that young children
have difficulty recalling motives and internal responses (Stein &
Glenn, 1979). Comprehension of program content often requires the
ability to infer underlying motives and implicit consequences linking
scenes and episodes. Young children may have difficulty making
inferences and integrating information across scenes. Collins et al.
(1978) examined 2nd, 5th, and 8th grade children’s comprehension
for central, peripheral, and implicit information in an adult action-
adventure film. The film contained either a simple or complex plot
in the correct narrative order or in a random order. Comprehension
of implicit information increased as a function of age. Implicit
comprehension scores were lower in the random conditions than in
the ordered conditions for all children (except for second grade
boys). The second grade boys' inference scores were not
significantly different across conditions and did not exceed chance
level. The degree of organization in a program affects inferencing
by facilitating the selection and retention of the requisite explicit
cues and by making it more likely that relations among these
discrete cues will be acknowledged. However, since young children
are less likely than older children to notice a television program’s
organization and are worse at differentiating between central and
peripheral content, young children are less able to make correct
inferences and understand the links between scenes. In addition,
when children were asked to infer or predict what will happen next
in a television program, younger viewers relied on stereotyped event
sequences whereas older children and adults attempted to use the
program details to more accurately predict the next scenes (Collins
& Wellman, 1982). Younger viewers tend not to link scene events to
previous program content.
In sum, young children have difficulty making inferences and
integrating information across television scenes. This may be
especially apparent in television and computer programs where the
flow and organization of the story is disrupted by the activation of
additional animations that may or may not support story content.
Studies comparing media seem to support the idea that the
presentation styles of different media influence the processing of
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information.
Media Comparisons
The organization of pictures, audio information, and symbol
systems vary across different media and may have significant
effects on children s comprehension and memory. Each medium has
unique features and forms that affect how well certain types of
information are presented. Thus, each medium has the potential to
stimulate different representational processes (Greenfield, 1993).
Differences have been found in adults’ recall of news stories
presented through a newspaper, computer, television, or radio
(Buceta Facorro & DeFleur, 1993; DeFleur, Davenport, Cronin, &
DeFleur, 1992). Although neither the computer nor television
condition employed graphics, an interesting pattern emerged. Recall
of the news stories was significantly better in the newspaper and
computer condition than in the television or radio conditions. It may
be that print-based media (newspaper and computer) allows readers
more control over their information processing than broadcast media
(television and radio). While the broadcast media presented
information at a fixed pace, the print-based media allowed the
material to be processed at the readers’ individual pace, facilitating
the comprehension and storage of information.
In contrast, a study of children’s recall of televised and print
news found that the audio-visual presentation (containing pictures
and film footage) lead to greater recall especially for information
presented visually as compared to verbal only material. One
possible explanation is that children benefit from seeing pictures
along with the verbal message, provided that the pictures are
relevant to the verbal information (Walma van der Molen & van der
Voort, 1997).
Further evidence that media presentations have differential
effects on information processing comes from studies that have
investigated the influence of media on children’s recall and
comprehension of well-structured children’s stories. Meringoff
(1980) examined 7 and 9 year olds' comprehension of a story as read
in a book or presented on television. Exposure to the television
resulted in the recall of more story actions whereas exposure to the
printed book led to the recall of more story vocabulary. The type of
media presentation affected how the content of stories was
understood by children. Hayes, Kelly, and Mandel (1986) assessed
memory for a story presented via either television or radio by young
children (age 3-6 years) and adults. Children who listened to the
audio-only story made more errors in their comprehension and recall
of the story than those children who watched the audio-visual
television presentation. Additionally, Pezdek, Lehrer and Simon
(1984) compared the relationship between comprehension for text
and television to the relationship between television and radio.
Third and sixth graders were exposed to a storybook with pictures,
and then either a television version or a radio version of a story.
Although results indicated that performance was not significantly
different in the reading and television condition, both of these were
better than children's performance in the radio condition. Cognitive
processing may not be the same across different media.
The studies described above indicate that different media may
influence comprehension and recall. Although the findings are not
consistent across experiments, there are two main theories about
media influences. One theoretical framework focuses on the impact
of visual information. Stories told with both audio and visual
information expose viewers to redundant story information. Because
children are receiving information both visually and orally, they may
show better memory and comprehension for the story as compared to
a purely audio presentation. The visual superiority hypothesis
states that processing visual information on television may
interfere with processing less salient verbal material. In fact,
watching television stories compared to hearing them on radio has
been found to enhance recall of central content, especially for story
actions and details, as well as increase performance on story
sequence tasks (Beagles-Roos & Gat, 1983; Greenfield & Beagles-
Roos, 1988). Television appears to make actions more salient. In
contrast, memory for dialogue and ability to make inferences based
on audio and "outside the story" material is facilitated by radio
presentations (Greenfield & Beagles-Roos, 1988).
An alternative interpretation is that although the visual
information on television is more salient and therefore more
memorable, it does not “interfere” with comprehension of the audio
channel. Consider a study done by Pezdek and Stevens (1984) in
which 5 year old children viewed a Sesame Street segment that
contained matched audio/video, mismatched audio/video, only audio,
or only video content. Although memory for audio was reduced more
than the memory for video in the audio/video mismatch condition,
comprehension of audio material was equivalent in the audio alone
and in the audio/video match condition. With normal television
presentations, visual information does not appear to interfere with
audio information, rather visual information may just be more
memorable than audio material. Children may be more action
dependent and visual presentations tend to portray more actions.
Gibbons, Anderson, Smith, Field, and Fischer (1986) presented 4 and
7 year old children with audio or audio-visual stories. Audio
versions contained narrated descriptions of the visual actions which
were matched on length and complexity to dialogue utterances.
There was no evidence that visual input interferes with auditory
processing. However, younger children did show superior memory
for material shown with an audio-visual presentation compared to a
purely audio presentation, and actions were mentioned more by
younger children across mediums. Part of the visual superiority
effect may be explained by younger children’s preference for actions.
When action statements are inserted into an audio presentation,
children remember them as well as the actions in an audiovisual
presentation. To further support young children’s action dependency,
Calvert (1994; Calvert, 1991; Calvert, Watson, Brinkley, & Penny,
1990) found kindergarten children were more dependent than second
graders on the use of action and verbal label presentational features
to support the recall of objects in a computer task.
Young children seem especially likely to benefit from
complementary and redundant visual and auditory presentation
of
information (Field & Anderson, 1985). Friendlander, Wetstone,
and
Scott (1974) found that four and five year old children
were able to
comprehend very little factual information, verbal or visual
asides,
and elements presented only in the visual or verbal
modality of a
children’s television program. Although 72.7% of the children
retained some comprehension of the program’s ongoing activity
(could answer “what happened?”), only 27.9% comprehended the
essential facts, and only 32.8% comprehended the asides. Asides
were parts of the program that contained rapid visual and/or verbal
material that were not essential to the main activity. Facts and
asides were often presented either through dialogue or visual action,
however the ongoing action was generally supported by both dialogue
and visual action. Material presented in both visual and verbal
modalities enhances children’s comprehension of program content.
Inferencina Across Media
There is a discrepancy in the literature examining the effect
different media have on children’s inferencing strategies in
understanding stories. Beentjes and van der Voot (1993) found that
children’s story comprehension was affected by the medium in which
it was presented; televised stories resulted in more inferential
learning and better story recall at a delayed interview. However,
other studies have not found differences in children’s inferencing
ability for stories presented in television and radio (Beagles-Roos &
Gat, 1983) and television and text (Neuman, 1992; Meringoff, 1980).
However, there are some qualifications to these findings. In the
Meringoff (1980) study, despite no overall differences in inferencing
ability, children who watched the story on television were found
to
use more visual information as the basis for their
inferences. The
group of children who were read the story based inferences
on
textual content and general knowledge. The evidence
that children
used to explain their inferences was significantly different between
media. In contrast, Neuman’s (1992) qualitative analysis of
inference processes found a wide variety of inference strategies
were used by children in interpreting stories. “Thinking aloud” as
children read or viewed stories indicated no difference in the
number or type of inference strategies used to comprehend stories
in the different media. In this case, differences in the pace and
features of each medium did not generate different inference
processes.
Despite the contradictory findings inference processing does
not seem to be in any way hindered by audio-visual displays.
Further, evidence that audio-visual presentations may facilitate
accuracy in children's recall of information suggests that for
certain types of instruction an audio-visual context may increase
learning. In the present study, one would expect the children who
experienced the audio-visual display to perform better on facts and
detail memory questions than the children who just heard the audio
narration. Predictions are less clear in terms of performance on
inference questions.
Interactive Technology and Children
The development of interactive technology provides new
opportunities for increasing children’s learning through media.
Whereas television's rapid scene changes and fast-paced action
sequences do not allow time for reflection or synthesizing of
thoughts (Rydin, 1983), learning through computer-based
activities
is self-paced, individualized, and interactive. The child is
able to
work at his/her own speed and sequence, has numerous options, and
controls the visual display (Cuffaro, 1984; Lepper & Gurtner, 1989;
Papert, 1980). Interactive programs are unique in that the pace and
continuity of the program relies on the child’s attention. Increased
attention enhances the users' depth of processing and memory
(Salomon, 1979) and should facilitate learning of program content.
Research from the Interactive Video Project at Bank Street
College has provided some information on videodisc technology. As a
cross between a CD-ROM and a videotape, the videodisc is often used
as a means of compiling, sorting, and viewing vast amounts of visual
material. Videodiscs are currently being used in some school
settings, especially for art and science classes that are heavily
dependent on visual material. Users access images controlling both
the speed and sequence of frame presentations. By using the
medium’s visual and auditory options to achieve particular learning
goals (i.e., slowing down a segment to more fully understand a
complex action sequence), videodiscs can offer children a different
experience than linear television (Char, Newman, & Tally, 1987).
Providing realistic high quality visual material to classrooms,
videodiscs have been found to stimulate both large and small group
discussions (Char et al., 1987).
Other researchers have examined the videodisc’s ability to
promote literacy. Putting books on videodisc offers children the
opportunity to browse through text and illustrations and hear the
book read aloud while following along with the text. Chomsky
(1990) argues that these book videodiscs can act as an
introduction
to print-based books for prereaders, motivate reluctant
readers, and
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help problem readers. Additional research is exploring these
“electronic books” as a possible means of facilitating reading in
children with hearing impairments (Horney & Anderson-lnman,
1995).
Descriptions such as these claim that interactive technology
is being used to boost literacy and learning within the classroom,
yet very little research has examined the influence interactive
media has on comprehension and memory of the material. Only one
known study has investigated whether active involvement in a
computer task facilitates information processing of linear stories.
Derley and Wright (1995) compared three electronic media
presentations of a story: interactive computer, passive computer
(no input device), and a video presentation. First grade children
recalled the most from the story in the passive computer condition,
next in the interactive condition, and last in the video. However, the
video was not animated and was a lower quality presentation than
the CD-ROM versions and children's comprehension was not analyzed
with respect to story grammar theory. Nonetheless, results
indicated an effect of gender wherein boys remembered twice as
much central story information as girls who experienced more
difficulty using the mouse. Familiarity with input devices can
affect attention to and comprehension of software content.
Struggling with the hardware interrupts the flow of the program
content which may affect information processing. Because attention
becomes directed away from the content, difficulty in operating the
hardware may prohibit optimal learning by children and increase
frustration with computer technology. In addition to the
flow of the
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program being interrupted by issues with the hardware, the
continuity of the program may also have been disrupted by the nature
of the software itself. Consider that children who reported high
levels of home computer use (particularly boys) tended to “click
fewer times”, be “early page turners”, and remember more central
information in the interactive story computer program. Early page
turners were children who did not stop to explore the objects on the
screen; rather, they progressed through the story without clicking on
objects. Possibly, children with computer experience were better
able to separate out the central elements of the story and not get
distracted with the incidental details. Story grammar skills may
influence the choices children make when controlling the pace and
visual display of a program. The present study will investigate
attention to and comprehension of a linear and interactive story CD-
ROM in terms of children's story grammar schema.
Motivation and Interest in Computers
Compared to other media, computers are thought to offer a
motivational benefit in learning situations leading to a greater
feeling of control over learning and an increased sense of
competence (Clements & Nastasi, 1992). Hyson (1985) videotaped 5
year old children while using a computer or watching television and
then evaluated their facial expressions. The computer elicited more
active, positive, and complex facial expressions than watching
television. It was concluded that children show great interest
in
experiences that offer autonomy and control. However, the
software
and television programs used were not matched for
content limiting
the interpretations of these results. Nonetheless, other studies
have found similar positive effects on motivation and interest by
children using computers. Yang (1991-1992) looked at adolescents’
motivation, continuing motivation, and content recall as a function
of being exposed to computer-based or print-based instructions.
Motivation and continuing motivation was measured by the
Instruction of Materials Motivations Survey (Keller, 1988, as cited
in Yang, 1991-1992). Continuing motivation was defined as the
returning to a task without external pressure to do so when other
behavioral alternatives are available (Maehr, 1976, as cited in
Malouf, 1987-1988). Results indicated that students who used the
computer showed higher motivation and continuing motivation as
well as better recall accuracy on an immediate interview. The
computer seems to have a strong motivational effect on student
learning. Similarly, Malouf (1987-1988) examined continuing
motivation in learning disabled students using a game or drill and
practice computer activity. Although there was no difference in
mastering the task, children in the game condition had higher levels
of continuing motivation as measured by the number of paper and
pencil problems completed in the presence of alternative choices.
Highly salient game features and extrinsic fantasy themes can
increase motivation for learning outside of the computer setting.
Oftentimes in computer software programs, children have the
opportunity to control, select, and animate a wide variety of
backgrounds, characters, and objects (Wright, Shade, Thouvenelle, &
Davidson, 1989). Although individual control over the computer
features may motivating, they may not be relevant to the
central
25
fcontent of the program. One issue that needs to be addressed is
what happens when the features that direct children’s attention are
used to highlight irrelevant content. Television allows features to
be presented at such a fast pace that the flow of the program may
not be disrupted even by irrelevant material. Because children
control the pace of interactive computer programs, the
presentational features that attract children’s attention may more
readily disrupt the slower format. Comprehension may be
significantly diminished especially if the features direct children’s
attention to material that is irrelevant to the central story content.
Children may become overloaded with information leading to poor
memory and comprehension of the central information. Predictions
about engagement, attention, and achievement on memory and
comprehension tests will be evaluated by comparing a CD-ROM story
presentation to an audio and audio-visual presentation.
Participation Versus Observation
Although computers seem to have a positive influence on
learning, certain social benefits of computer use may mediate these
cognitive and motivational effects (Dickson & Vereen, 1983).
Research with young children’s computer use has found that most
preschoolers approach and use the computer in groups of two or
three (Swigger & Swigger, 1984; Shade, Nida, Lipinski, & Watson,
1986). Further this pattern in computer use does not seem to
reflect limited computer resources. Rather, examination of younger
(4-5 years) and older (6-8 years) children’s emotional responses
to
working at a computer alone or with a peer found that older
children
showed even more enjoyment than younger children when working
with a peer. The benefits of peer collaboration at the computer have
been well documented. Middle school children who participated in a
computer activity in pairs displayed a positive relationship between
the interaction and learning. More specifically, giving and receiving
explanations, receiving responses to questions, and verbalizing input
aloud facilitated learning of the material (Webb, 1982; Webb, Ender,
& Lewis, 1986).
Studies that have examined computer-based learning by
children alone or in pairs have shown that pairs become more
prosocially oriented toward teammates and develop stronger
attitudes toward cooperative learning (Mevarech, Stern, & Levita,
1987). The picture is less clear regarding the effect individual or
cooperative computer use has on achievement. Some studies have
not found any significant differences in achievement between
individual or paired computer users (Littleton, Light, Joiner, Messer,
& Barnes, 1992; Mevarech et al., 1987). However, another study
found that children who participated in pairs in a math orientated
computer program performed higher on a math achievement test. In
fact, the children who were considered lower achievers before the
computer activity tended to benefit from the collaborative
environment more than those children considered high achievers
(Mevarech, Silber, & Fine, 1991). Additionally, Johnson, Johnson, and
Stanne (1985; 1986) found that simulation games used cooperatively
enhanced children’s problem solving skills and achievement more
then the same games used individually or competitively.
It appears that computer based activities support peer
collaboration and increase social interactions which may facilitate
learning (Crook, 1987). Yet, research has not been able to clearly
discern if collaboration at the computer has any benefits on
achievement controlling for the nature of the social and verbal
interaction that takes place.
The computer usually has only one input device and software is
typically geared for only one user or player. This means that while
one child interacts with the program, the other child(ren) must
observe a program that is personalized for someone else. One
possibility is that the observer child may actually benefit from not
controlling the display. This child can fully attend to an interactive
program without allocating resources to controlling the computer’s
hardware. However, a second possibility is that it is the control
over the input and screen display that facilitates learning and
comprehension. Lack of control over the visual images may be
frustrating for the observer and subsequently reduce the child’s
attention to the program content.
In the context of a virtual reality game, one study has
attempted to look at differences among playing (participant) and
watching (observer) a computer activity on young adults' arousal
level, feelings of hostility, and aggressive thoughts (Calvert & Tan,
1994). Physiological arousal and aggressive thoughts were higher
for participants than observers, indicating that different levels
of
involvement can affect both physiological and cognitive responses.
There has been no research that has looked at the effect observing
an interactive CD-ROM has on the observer child’s comprehension
and
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memory for the material presented. Thus, the present study included
an interactive observer condition in which children watched but did
not actively control an interactive CD-ROM.
Predictions
In the present study, three types of media presentations of a
story will be compared. Children will experience either an audio,
audio-visual, or interactive audio-visual story presentation.
Because children in the audio-visual conditions receive information
both visually and aurally, they may show better memory and
comprehension for the story as compared to a purely audio
presentation. Children in the audio-visual condition are exposed to
mostly relevant animations presented in a fast-paced format that
supports the flow of the program facilitating comprehension and
memory for the program. In contrast, interactive CD-ROM’s allow
the user to participate in and control the animations and sound
effects in an audio-visual story presentation. Although the
resulting activations may elicit children's attention, they may not
be relevant to the central story content. It is unclear how control
over the visual display and pace of the information presented may
affect children’s learning and memory of the material.
One possibility is that comprehension and memory for the
story may benefit because the child is actively engaged in the task,
controlling the input and pace of presentation. Interacting with a
CD-ROM format may increase the child’s arousal and interest in the
story content. The child’s active control of salient animations
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would be expected to increase attention to the scenes thereby
facilitating learning of the material.
A second possibility is that because the child is actively
exploring objects and elements that may be irrelevant to the story
structure, children’s memory may become overloaded with
information distracting them from understanding the story. Story
grammar literature indicates that young children have difficulty
distinguishing between relevant and irrelevant details. Children's
interactions in the CD-ROM media condition exposes them to
irrelevant but perceptually salient animations could interrupt the
flow of the story content and lead to poorer comprehension and
memory of the story as compared with children who experience a
noninteractive audio or audio-visual presentation. The amount of
irrelevant distractions varies across media conditions with the
greatest number found in the interactive CD-ROM, next in the audio-
visual (passive CD-ROM), and fewest in the audio presentation.
Story grammar theory would predict that if the causal chain in the
story structure is broken by irrelevant distractions, young children
will have more difficulty comprehending the story and will be less
able to make correct inferences about story content.
A third possibility is that control over the visual display will
not affect memory and comprehension. Story grammar literature
proposes that the elaboration of nodes or basic story units will be
poorly recalled. Therefore, animations that serve to enhance
basic
story content should not be remembered well. It may be the
case
that because these entertaining yet irrelevant incidentals
are
elaborations of the basic story structure, they will
not distract
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children from comprehending the central story elements. The
presence of a well-developed story grammar may facilitate
children’s ability to distinguish between central and peripheral
content.
A second goal of the research is to examine how
comprehension and memory is influenced by participating in or
observing the interactions in a computer program. In order to study
the effect of observing another person’s interaction with a software
program on learning and comprehension, pairs of children will be
assigned to an interactive CD-ROM condition. One child, the
participant, will interact with the characters and scenes by clicking
the mouse on objects on the page. The other child, the observer, will
watch the animation and sound effects of the interactive CD-ROM,
but will not actively control the display. Comprehension and
memory for the story will be compared across CD-ROM participants
and observers.
CHAPTER 2
METHOD
Participants
A total of 70 first grade children (M=81.42, SD=5.48)
participated in the research project. Fifty-six children were
recruited from three first grade classes located at Deerfield
Elementary School in Deerfield, Massachusetts. An additional 14
children were recruited from the Springfield area through the
University of Massachusetts Child Study Center, located in
Springfield, Massachusetts. Of these 70 children, 66 were included
in the analyses (2 were dropped due to technical error; 2 were
dropped due to developmental disabilities). The final sample of 35
males and 31 females had a mean age of 81 months (6 years, 9
months, SD=5.51). Of the 66 participants, 17 participated in the
audio condition, 17 in the audio-visual CD-ROM condition, 16 in the
participant CD-ROM condition, and 16 in the observer CD-ROM
condition.
Familiarity with Computers
All children who participated in the study were experienced
with computers. At Deerfield Elementary School, a moderately sized
elementary school in western Massachusetts, the school personnel
are very interested in enhancing children’s education through
technology and have promoted computer literacy even among the
youngest students. In fact, the first grade classes used in this study
have access to a fairly advanced computer laboratory and are quite
familiar with computers and experienced in operating the hardware.
In addition 77% of the first grade students have access to a
computer at home and all are familiar with a variety of games and
educational software packages. The children who were recruited
from the Springfield area and asked to visit the child study center
had also used computers before and were familiar with computer
hardware and various types of educational software packages.
However, no child in either the Deerfield population or the
Springfield area had ever used “The Ugly Duckling" software package
before.
Design
The experiment is a one-way, independent groups design with
four conditions. Although the story was the same in the four media
presentations, children were randomly assigned to one of four story
presentation conditions (audio, audio-visual, interactive participant,
and interactive observer). Children in the audio condition listened to
the audio portion of the story on the computer, but did not see any
images on the monitor. Children in the audio-visual condition
watched the CD-ROM played in the passive mode. The passive mode
displays the story and some accompanying animations on the
computer monitor but the child is not able to interact with the
scenes and objects depicted. In addition, pairs of children were
assigned to the interactive CD-ROM condition. The interactive CD-
ROM condition played the exact same story as in the audio-visual
CD-ROM condition. However, after each page, the user could interact
with the story by clicking the mouse on objects and words on the
page to activate additional animations and sound effects. Within
each pair, one child, the participant, was able to interact with the
characters and scene elements by clicking the mouse on objects on
the page. The second child, the observer, watched the animations
and sound effects of the participant child’s interaction with the CD-
ROM on a different monitor. Thus, the observer child was exposed to
the interactive CD-ROM but did not control the display.
Apparatus
Materials
These include the CD-ROM, "The Ugly Duckling" by Morgan
International, Inc. (copyright 1993). The CD-ROM consists of both an
interactive and audio-visual mode. In the interactive mode, the user
hears the story, sees short animation sequences that accompany the
narration, and then can click on objects anywhere on the screen in
order to activate additional animations or sound effects. In the
audio-visual mode, the user hears the story and sees accompanying
short animation sequences but objects on the screen cannot be
activated. Finally, in the audio version of the story, children just
listened to the passive mode of the CD-ROM without seeing the
pictures on the monitor. The audio alone condition includes the same
narration, dialogue, sound effects, and pace as the CD-ROM versions.
A second CD-ROM was used only in the interactive participant CD-
ROM condition. The interactive playground game in the Dandy
Dinosaurs (Multicom Publishing, Inc., 1993) CD-ROM displays a
playground full of dinosaurs (i.e., playing catch, playing on the
seesaw, and playing in a playhouse). This CD-ROM instructs children
to point and click on dinosaurs in different locations (e.g., inside
the
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playhouse, outside the playhouse). The main objective of this task is
to make sure that the child is comfortable dragging, pointing, and
clicking the mouse in order to activate animations.
In addition, materials were devised for the memory and
comprehension interview which included factual questions and
inference questions (See Appendix A). Miniature color copies of 8 of
the 16 scenes were developed for a picture sequencing test.
Recording Equipment
A Performa 636 CD Macintosh computer with 14 inch digital
display color monitor with speakers presented "The Ugly Duckling"
CD-ROM to children. In addition, a Micro Presenter (by Focus
Entertainments) was used to convert the computer's digital output
to video signals displayed on a 14 inch Panasonic color television
and recorded by a Panasonic video cassette recorder. Audio cassette
recorders were used to record all of the interview sessions.
Procedure
After obtaining permission of the Deerfield Elementary School
principal, a visit was made to the school to solicit the cooperation
of the first grade teachers and to obtain a list of the children
enrolled in the first grade. Each parent was then sent a letter
explaining the project and asking their cooperation. All three
teachers were willing to be included and only 1 parent objected to
having their child participate in the study. Each classroom was
tested separately with children from that classroom chosen to
participate in a random order. Children were taken from their
classroom to the afterschool room which was not in use during the
school day hours. One side of the room contained a large round
conference table. The computer and monitor were set up on one end
of the conference table, while the television and VCR were set up on
the other side directly opposite each other. The equipment was set
up this way to discourage any verbal interaction or eye contact
between the children who would be observing and interacting at the
same time. Interview stations were set up behind room divider
screens at both the other side and rear of the room. Similarly,
children at the child study center were taken from the reception
room to a separate room that contained a conference table. Again,
the computer and monitor, and TV and VCR were set up in the exact
same manner as in the elementary school. However, children at the
child study center were brought across the hall to a separate room
for the interview. In addition, all children listened to the story
through headphones to both isolate their experience and to minimize
other auditory distractions.
At the beginning of every session, all children received the
same warm-up task to establish rapport with the experimenter as
well as to check children’s prior knowledge about the story elements
and theme. The experimenter asked the child his or her name, age,
grade in school, and asked for verbal consent to participate in the
project. The children were instructed that they were going to hear
the story “The Ugly Duckling”, questioned about their familiarity
with the story, and asked to tell the experimenter any version of the
story they had heard before. Children were then told to listen
carefully to the story as they would be asked a few questions about
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the story when it was finished. All children were taken to the
computer to hear the story through headphones attached to the
computer monitor. For the audio condition, the CD-ROM was played
in the passive mode; however, the monitor's screen resolution was
turned down so that no images appeared on the display. Children in
the audio-visual CD-ROM condition both saw and heard the story told
in the passive CD-ROM mode.
Children assigned to the interactive condition were taken in
pairs to the computer room. A different experimenter for each child
performed the warm up tasks and asked about the child's familiarity
with the story. One child, the participant was then seated in front
of the computer and asked to play the "Dandy Dinosaur Game". This
warm up task insured that he or she was comfortable using the
mouse. After successful completion of this game, "The Ugly
Duckling" CD-ROM was inserted into the computer and the child was
encouraged to click on objects on each screen to see additional
special effects. The child's warm up task and subsequent
interactions with the target story were recorded by the video
cassette recorder.
The second experimenter took the other child, the observer, to
a second display station which was hooked up to the participant
child’s computer. In this way, the observer child was able to view
the same story presentation and interactions of the participant
child, but was not be able to directly control the screen display.
The audio and audio-visual CD-ROM conditions lasted about 15
minutes while the interactive condition lasted up to 40 minutes
depending upon the participant child's engagement in the story (e.g.,
number of clicks).
Interviews
After the story presentation, children were then removed from
the computer area and brought to an interview station where they
were asked to participate in an immediate interview to assess both
memory and comprehension of the story. After settling the child
down in this new location, children participated in a verbal
distraction task to ensure that they were not rehearsing story
elements. The verbal task consisted of asking the child to name as
many items in a particular category (animals, transportation, food,
clothes) as he/she can in 20 seconds (Horowitz & Mendelsohn, 1994).
The entire delay period lasted approximately 5 minutes.
After the verbal game, the experimenter began the interview
questions. All interviews were audio taped to ensure accuracy.
Further, the interview was standard across all subjects and is
outlined next. The actual interview questions and tasks can be
viewed in Appendix A.
Free Recall
The interview began with a free recall question (Can you tell
me about the story that you just heard? What happened?).
Memory and Comprehension Questions
Comprehension was measured by questions about story facts
and details, questions about aspects of the story that had to be
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inferred, a question about the moral or theme of the story, and a
picture sequencing task.
Factual
—
Questions
. Thirteen questions about straightforward,
factual events in the story were asked to assess children’s memory
for information explicitly presented.
Inference
—
Questions. Children were also asked seven questions
about aspects of the story that were not explicitly stated (character
affect, attributes of story events) but had to be inferred in order to
understand the story.
Moral of the story. At the end of the memory and
comprehension questions children were asked what they thought the
story was trying to teach them.
Picture Sequencing
In addition, comprehension was also measured by a picture
sequencing task. Children were asked to put eight miniature color
copies of the CD-ROM scenes into the correct order.
Media Preference Questions
Following the memory and comprehension portion of the
interview, children were asked to rate different media
presentations on a 5 point Likert scale. Children were asked how
much they liked the story, how much they like different media, and
how much they think they learn from different media. The session
concluded with questions about the child's favorite book, computer
program, television show, and radio/tape experience.
CHAPTER 3
RESULTS
The results will be presented as follows: First, the results of
measures used to assess comprehension and memory for the story
will be reviewed. Second, there will be descriptive information
about the patterns of CD-ROM exploration in the interactive
conditions. Finally, responses to surveys regarding interest and
views of learning from different media will be presented.
Children’s Memory and Comprehension of the Story
Dependent Measures
Because some answers to memory/comprehension questions
could be considered partially correct, a scoring system was devised
in which each question was worth a possible 3 points. Thus, each
child received a total memory score ranging from 0-60. Two
research assistants individually evaluated and scored all of the
memory questions for every participant. Reliability between
scorers was calculated as the percent of agreement in the scoring of
each question for each child. Scorers obtained reliability ratings of
87%. All disagreements were discussed and a final decision was
made by the experimenter.
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Preliminary Analyses
Correct responses to the twenty memory questions were
summed to create a composite memory score for each child. The
composite memory scores were used in preliminary analyses to test
for effects of gender, interviewer, and procedural variations. A
two-way Analysis of Variance (ANOVA) examined the effect of
gender (male/female) and interviewer (experimenter 1/experimenter
2) on children's total memory score. Results indicated no effect of
gender on subjects’ responses to the memory questions,
(F(1 ,62)=.1 8, £=.67) and no difference in children’s memory scores
across interviewers (F(1 ,62)=.55, £=.46). However, there was an
interviewer by gender interaction (F(1 ,62)=10.60, £=.00). Post hoc
comparison tests using Tukey-HSD tests at the .05 significance
level revealed that memory questions were better answered by
female children interviewed by experimenter 1 (M=38.97, SD=7.99)
than female children interviewed by experimenter 2 (M=30.04,
SD=9.06). Performance was similar for males interviewed by both
experimenters.
Most of the participants were students in Deerfield Elementary
School, however, 13 children were recruited from the Springfield
area. T-tests were conducted to determine if any differences
existed between the two sample populations. Springfield children
were slightly older (M=84.54 months, SD=10.27) than children from
the Deerfield Elementary school (M=80.59 months, SD=3.33),
(t(64)=-2.38, £=.02). In addition, Springfield children came from a
variety of area elementary schools and overall indicated less access
to school computers than the Deerfield Elementary School
children.
Further, children from Springfield were less likely to have a
computer at home (53.8%) than children from the Deerfield
Elementary school (76.9%). Nonetheless, all children indicated some
previous use with a computer and software packages. A t-test was
conducted to examine differences between the total composite
memory scores of both sample populations. There were no
significant differences in the composite memory scores of children
from Springfield (M=33.85, SD=10.57) and children from Deerfield
(M=35.53, SD=9.28), (t(64)=.55, £=.59).
In general, these preliminary analyses revealed no significant
or consistent effects of gender, interviewer, or procedural
variations. In subsequent analyses, data are therefore collapsed
across interviewer and procedural variations. However, because
previous research has indicated possible gender differences among
computer use with young children, the gender variable was retained
in most of the analyses.
Memory Interview
The memory interview included free recall questions (before
and after the story presentation), factual and inference questions, a
question regarding the moral or theme of the story, and a picture
sequencing task.
Free Recall
Pre-storv Test . Children's familiarity with the story "The Ugly
Duckling" was measured by asking them if they had ever heard the
story before. The majority of children (70%) said they were
familiar
with the story. However, responses to the question "can you tell me
the story? what happens?” were low. Children who were familiar
with the story reported an average of 1.20 (SD=1.11) story items
correct. Children who were not familiar with the story were also
asked to tell what they thought the story might be about. These
children reported approximately
.10 (SD=.31) items correctly.
Although many children indicated some familiarity with the story,
most children could not recall very many story components. A two-
way ANOVA examining familiarity with the story (pre-story free
recall score), gender (male/female), and media condition
(audio/audio-visual/participant/observer) indicated no significant
differences between males (M=.74, SD=.95) and females (M=1.00,
SD=1.18), (F(1 ,58)=1
.06, p>.05) and no significant differences in the
number of items recalled among children in the audio (M=.58,
SD=.94), audio-visual (M=1.00, SD=1.06), participant (M=.88,
SD=1.02), and observer (M=1.00, SD=1.26) media conditions,
(E(3,58)=.54, q>. 05) at the pre-story free recall test. The left
column of Table 1 shows the mean number of components that were
mentioned at free recall at the pre-story test by children in each of
the media conditions.
Table 1
Mean Number of Components Free Recalled at the Pre-story and
Post-story Test by Children who Participated in the Audio, Audio-
visual, Participant CD-ROM, and Observer CD-ROM Conditions.
Condition n Pre-story test Post-story test
Audio 17 .59 2.29
(.94) (2.28)
Audio-Visual 17 1.0 3.82
(1.06) (2.60)
Participant 16 .88 2.87
(1.02) (2.13)
Observer 16 1.00 3.62
(1.26) (3.16)
Note . Standard Deviations in parentheses.
Post-storv Test. After having been exposed to one of the
media presentations of “The Ugly Duckling”, children were again
asked to free recall the story. Post-story free recall was measured
by counting the number of different correct components mentioned
in response to the question "what happened in the story you just
heard".
An Analysis of Covariance was conducted examining gender
(male/female), media condition (audio/audio-visual/participant/
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observer), and post-story free recall score with pre-story free
recall score as the covariate. There were no gender effects and no
significant differences between the number of items recalled by
children in each of the media conditions at the post-story free
recall test controlling for their initial familiarity with the story.
Mean scores for each condition at the post-story free recall session
can be seen in the right column of Table 1.
Although there was no overall difference in free recall for
different media conditions, it was possible that children might have
reported different features of the story. The sentences and items in
the actual story "The Ugly Duckling" were diagrammed according to a
schematic organization of nodes and categories that correspond to a
story grammar (see Appendix B). The components in children’s post-
story free recall were then classified according to one of the
categories of the story grammar structure (setting, initiating event,
response, and conclusion). To determine if some categories are
better remembered across all media, or if categories are
differentially remembered depending upon the story presentation, a
three-way ANOVA was conducted examining story category
(setting/initiating event/response/outcome), gender (male/female)
and media condition (audio/audio-visual/participant/observer) with
story category as the within subjects factor. Mean number of
correct responses to each of the story categories for each media
condition may be seen in Table 2.
Table 2
Mean Number of Correct Responses to the Post-story Free Recall
Question Classified According to Story Category by Children in Each
Media Condition.
Condition n Setting Initiating
Event
Response Outcome Other
Audio 1 7 .06 .65 .53 .76 .29
(-24) (.93) (.62) (-90) (.57)
Audio- 1 7 .35 1.18 .88 1.12 .29
Visual (.61) (1-19) (-70) (1.11) (.46)
Participant 1 6 .31 .81 .56 1.06 .12
(-60) (.98) (.81) (.68) (.33)
Observer 1 6 .25 1.13 .56 1.25 .44
(.58) (1.20) (.63) (.86) (.70)
Note. Standard deviations are in parentheses.
Analyses revealed a main effect of story category, (F(3,1 74)=1 8.57,
P=.00); children recalled an average of .24 (SD=.53) setting elements,
.94 (SD=1 .08) initiating events, .64 (SD=.69) responses, and 1.05
(SD=.90) outcomes. Post hoc comparisons using Tukey’s HSD test at
the .05 significance level indicated that children's recall of setting
elements was significantly worse than their recall of initiating
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events, responses, and outcomes. Also, children recalled
significantly fewer responses than outcomes in the story. No other
story categories were significantly different from each other.
Children’s pattern of story recall was similar to that found in prior
work in which memory for setting and responses is relatively low,
and this was not influenced by media condition.
Past research has shown that individual children’s free recall
is related to their verbal ability. As part of the delay between
experiencing the story media presentation and the follow-up
memory/comprehension interview, children were asked to
participate in a naming game to assess their verbal ability
(Horowitz & Mendelsohn, 1994). Correlations were conducted to
examine the relationship between children’s verbal ability and the
amount they free recalled at both the pre-story and post-story free
recall test. Children’s free recall of the pre-story question did not
significantly correlate with their verbal score (r(62)=.15, p=.26). On
the post-story free recall question, there was a significant
correlation between the number of items children mentioned in free
recall and the number of items mentioned in the verbal naming game,
(r(62)=.32, p=.01) indicating that the more verbal a child was, the
more he or she mentioned in post-story free recall.
Specific Questions: Total Memory
Because children’s free recall is generally low, children also
responded to specific probe questions to assess their memory and
comprehension of the story. Children were asked 20 questions
regarding factual and inferential story components. Total
memory
scores were analyzed in a two-way Analysis of Variance examining
media condition (audio/audio-visual/participant/observer) and
gender (male/female). Results indicated a main effect of media
condition (F(3,58)=10.91
,
£=.00). Post hoc comparisons using
Tukey's HSD at the .05 significance level indicated that memory
performance of the children in the audio condition (M=25.76,
SD=8.24) was significantly worse than the memory performance of
children in the audio-visual (M=38.35, SD=8.18), participant
(M=37.09, SD=7.34), and observer (M=39.72, SD=7.34) conditions.
Performance was similar for children who experienced the audio-
visual, participant, and observer CD-ROM conditions. No other main
effects or interactions were significant.
Because some of the answers to the twenty memory questions
may have been more heavily dependent on visual information,
potentially limiting the performance of children in the audio
condition, only questions that were narration-based were included in
a second analysis (See Appendix A for breakdown of question types).
All children received a narration memory score, and the above
analysis was repeated to examine the effect of media condition (4)
and gender (2). Again, results indicated a main effect of condition,
(£(3,58)=10.31
,
£=.00); post hoc comparisons using Tukey's HSD
tests, at the .05 significance level, suggested that the children in
the audio condition performed worse on the narration questions
(M=20.06, SD=7.32) than children in the audio-visual (M=29.82,
SD=6.04), participant (M=28.09, SD=5.91), and observer (M=30.72,
SD=4.85) media conditions. Thus, children in the audio condition
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performed worse even on questions about information available
through the narration.
Specific Questions: Factual Versus Inference
The twenty memory questions included two question types:
factual and inference questions. Additional analyses were
performed to investigate performance on narrated factual questions
(7) and inference questions (7) (as noted above, the narrated factual
questions were a subset of the total number of memory questions
that were not dependent on visual information). In Table 3, the mean
number of correct responses to factual and inference questions are
shown separately for each media condition. Scores range from 0-21
for each question type (factual and inference).
Table 3
Mean Number of Correct Responses to Factual and Inference
Questions by Children in the Audio, Audio-Visual, Participant, and
Observer Media Conditions.
Condition Narrated Factual Inference Questions
Questions
Audio 9.03 10.70
(2.86) (4.86)
Audio-Visual 13.06 14.65
(4.28) (3.66)
Participant 12.25 13.78
(3.20) (4.14)
Observer 12.78 15.56
(3.54) (3.33)
Note. Standard deviations are in parentheses.
To learn if question type affected performance, a three-way ANOVA
was conducted to examine gender (male/female), media condition
(audio/audio-visual/participant/observer), and question type
(narrated factual/inference). Results indicated a main effect of
condition, (F(3,58)=8.23, £=.00). Post hoc comparisons using Tukey's
HSD test, at the .05 significance level, again indicated that the audio
group performed significantly worse than the audio-visual,
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participant, and observer groups. In addition, there was a main
effect of question type (F(1 ,58)=7.60, £=.01); children in all
conditions performed better on the inference questions (M=13.64,
SD=4.36) than factual questions (M=11.76, SD=3.80). No other main
effects or interactions were significant.
Errors
The errors children made on the memory questions were
categorized according to two types: Omission and commission
errors. Omission errors were incomplete answers or ‘I don’t know’
responses. Commission errors occurred when a child gave an
inaccurate response. Children received an error score for each type
of error. A three-way ANOVA examining media condition
(audio/audio-visual/participant/observer), gender (male/female),
and type of error (omission/commission) was conducted. Consistent
with previous analyses, there was a main effect of media condition.
Post hoc analyses using Tukey-HSD tests at the .05 significance
level indicated that children in the audio condition made
significantly more errors (M=12.59, SD=2.38) than children in the
passive (M=8.35, SD=2.37), participant (M=8.81, SD=2.24), and
observer (M=8.19, SD=2.04) conditions. Analyses also revealed a
significant main effect of type of error, (F.(1 ,58)=1 8.27, £=.00).
Children in all the media conditions made more omission errors
(M=5.70, SD=2.29) than commission errors (M=3.85, SD=2.44). In
addition, there was a gender by type of error interaction,
(F(1 ,58)=6.62, £=.01). Simple effects tests indicated that females
made significantly fewer commission errors (M=3.20, SD=2.06) than
males (M=4.43, SD=2.63) however females made more omission
errors (M=6.29, SD=2.45) than males (M=5.17, SD=2.04). This
interaction is depicted in Figure 1.
Commission Omission
Errors
Figure 1 . Mean error score as a function of error type
(commission/omission) and gender (male/female).
Moral Question
As a further test of comprehension of the story, children were
asked what they thought the story was trying to teach them. Only 6
children (2 audio, 1 participant, 3 observers) were able to
correctly
identify the moral of the story: "you change as you grow".
There was
a wide range of incorrect answers including 14 "I don't know"
responses, 13 don't make fun of/be nice to people who are
different" theme, and a host of other creative replies including
purple ducks are swans, chickens and ducks, colors, to read, never
believe you are going to be ugly, and people shouldn't be ugly".
Picture Sequencing
At the end of each memory interview, children were asked to
accurately sequence 8 miniature pictures of the pages in the story.
Each child then received a score ranging from 0-8 reflecting the
number of pictures they were able to place in the correct order.
Scorers judged where each picture was placed in relation to the
pictures that both preceded and followed the picture. For example,
misplacing one picture in the series, which could have potentially
affected the placement of the rest of the sequence, would have been
scored as a 7 (one wrong). A two-way ANOVA examining gender
(male/female), media condition (audio/audio-visual/
participant/observer), and picture sequencing score revealed a main
effect of condition, (F(3,60)=12.44, £=.00). A post hoc comparison
using Tukey's HSD test at the .05 significance level revealed that
children in the audio condition performed significantly worse on the
picture sequencing task (M=4.59, SD=1 .97) than children in the
audio-visual (M=7.24, SD=.83), participant (M=6.59, SD=1.77), and
observer (M=7.29, SD=.92) media conditions. Children in the audio-
visual, participant, and observer conditions performed equally well.
Patterns of Interartinp
Because a VCR was able to record children in the participant
conditions (n=17) interactions with the computer, additional
analyses were conducted to examine patterns of interaction within
The Ugly Duckling” story CD-ROM. Each screen of the CD-ROM
consisted of a page of the story with the text displayed at either the
top or bottom of the screen and an appropriate visual picture.
Participants could use the mouse to “click” on any one of a number
of objects within the visual picture. Such “object” clicking
generally resulted in either a sound effect and/or visual animation.
In addition, participants could click on the words in the text on each
screen. The activated word would then be orally repeated by the
narrator. Thus, on every page in the CD-ROM, children had the option
to click on both word and object hotspots.
Children’s interactions with each of 500 hotspots throughout
the CD-ROM were recorded and then coded by the experimenter and a
research assistant. Interrater reliability was assessed by the
percentage of agreements. There was a 99.29% interrater agreement
in recording the hotspots and order in which children activated them.
Gender Differences
Summing the number of interactions on each page resulted in a
total interaction score for each child. T-tests were then conducted
to examine differences in the amount of interaction between male
and female children. Although males clicked on an average 149.00
hotspots (SD=71 .28) and females clicked on approximately 118.71
hotspots (SD=1 01 .88), results indicated no significant differences
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between males and females, (t(15)=.72, p=.48). Upon careful
analysis, it was noted that there was considerable variability in the
amount that children clicked hotspots ranging from one child who
only clicked on 18 hotspots to another child who clicked on 331
hotspots in the story. Appendix C provides an example of one page in
the CD-ROM story as clicked on by a “low clicker” and a “high
clicker”. In an attempt to reduce this variability, the total number
of hotspots was separated into scores for word hotspots and object
hotspots.
In order to examine if there were gender differences in the
type of hot spot that children clicked on, a t-test was conducted
examining the total number of words clicked on by males and
females. Throughout the entire CD-ROM, males clicked on an average
of 2.5 words (SD=4.09) while females clicked on an average of 32.14
words (SD=81.10). Again, due to extremely high variance in the
amount of interaction, results indicated no significant differences
between males and females, (t(6)=-.97, p=.37).
A similar analysis looking at gender differences in the number
of object interactions (no words) revealed a marginally significant
gender difference, (t(14.5)=2.14, p=.05). Males clicked on
approximately 146.50 (SD=73.72) object hotspots, while females
clicked on approximately 86.57 (SD=41.36) object hotspots. Table 4
lists the means and standard deviations for males and females for
words, objects, and total interactions.
Table 4
Mean Number of Object, Word, and Total Interactions by Males and
Females in the Participant CD-ROM Media Condition.
Gender N Words Objects Total
Interactions
Males 1 0 2.50 146.50 149.00
(4.09) (73.72) (71.28)
Females 7 32.14 86.57 118.71
(81.10) (41.36) (101.88)
Note
. Standard deviations are in parentheses.
As can be seen in Table 4 there was a wide range in children’s
clicking patterns both in the type of hotspot chosen and in the
number of clicks or interactions with the program. It appears that
female participants clicked on fewer hotspots overall, were less
likely to click on object hotspots, and more likely to click on words
than male participants. One possibility is that the wide variability
is related to gender; such that gender predicts the amount of the
child’s interactions and guides the type of hotspots chosen for
activation.
Exploration
In addition to examining gender differences in children s
interactions with a CD-ROM program, children s patterns in
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exploring the story program were examined. First, children’s initial
hotspot activation was evaluated in terms of its relevance to the
story. The object of each child’s first click on each page of the CD-
ROM was recorded. Because each page offered different clickable
objects, a child's first click was scored as either a click on a
central character/object or as a click on a background
character/object. Central is defined as relevant to the storyline.
Fifty-three percent of the first clicks on each of the 16 pages were
on a central character or object, whereas 47% of the first clicks
were on background or nonrelevant characters and objects.
Another issued of interest was whether children looked at
hotspots repeatedly. Because children's interactions on each page
were unrestricted, the number of times a child chose to repeat an
activation of a hotspot was recorded. A t-test was then used to
compare the number of time males and females choose to repeat a
clickable object/word. Results indicated a marginally significant
difference between males and females, (t(5)=2.03, p=.06). Males
repeatedly viewed approximately 19.60 (SD=14.65) hotspots;
females repeatedly viewed approximately 7.14 (SD=10.72) hotspots.
The last object that children clicked on was also examined in
order to discern what led participants to move on to the next page.
For each child, on every page, the last object clicked on was
recorded as being either a first time activation, or a repeat
activation of the hotspot. A first time activation meant that the
child had not already clicked on that object, whereas a repeat
activation meant that the child had previously clicked on that object
57
on that particular page. Forty-five percent of children’s last clicks
were repeated events.
Effects on Memory
It was of interest to learn if exploration related to children's
memory for the story. Because each of the participant children’s
interactions with the CD-ROM were also watched by an observer
child, the relationship between the number of activated hotspots and
overall memory for the story could be calculated for both the
observer and participant media conditions. Although total number of
clicks did not significantly correlate with participant children’s
memory for the story, (r(16)=.10, p.=.71), there was a marginally
significant relationship between the total number of clicks and the
observer children’s memory, (r(16)=.49, £=.05).
Next, children's activations were ranked from highest to
lowest number of interactions. Using only the children in the top
and bottom quartile of number of interactions, a second
correlational analysis was performed examining the relationship
between the highest and lowest number of activations experienced
and children's memory score. For children in the participant media
condition, results indicated no significant relationship between
memory for the story and number of activations, r(8)=.31, £=.46.
Similarly, there was no significant relationship between the number
of activations watched and the memory scores of children in the
observer media condition, r(8)=.61, £=.11.
Media Ratings
Children in each media condition were also asked to answer a
number of questions regarding their enjoyment, perceived learning,
and interest for different media presentations on a 5 point (1-not at
all/5-very much) Likert scale (see Table 5 for mean responses to
each of the questions).
Table 5
Mean Rating Based on a 5 - Point Likert Scale (1-not at all/5-very
much) for each Media Perception Question.
Media Perception Questions Rating
1. How much did you like the story? 4.42
(-80)
2. How much do you like working on a computer? 4.65
(.69)
3. How much do you like watching television? 4.00
d-32)
4. How much do you like listening to the radio? 3.44
(1.49)
5. How much do you like listening to tapes? 4.12
(1-14)
6. How much do you think you learn by working on a 4.45
computer? (.84)
7. How much do you think you learn by watching 2.56
television? (1.59)
8. How much do you think you learn by listening to 3.06
the radio? (1.42)
9. How much do you think you learn by listening to 3.42
tapes? (1-43)
Note. Standard deviations are in parentheses.
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Children were first asked how much they liked the story. A two-way
ANOVA examining gender (male/female), media condition
(audio/audio-visual/participant/observer), and rating for story
enjoyment was conducted. Children generally liked the story
(M=4.42, SD=.80) and there were no significant differences for
gender or condition regarding story enjoyment. Further, there were
no significant interactions.
Children in each media condition were also asked to rate how
much they like working on the computer, watching television,
listening to the radio, and listening to tapes on the same Likert
scale. A repeated measures analysis was employed with media
condition (audio/audio-visual/participant/observer) and gender
(male/female) as the between subjects factors, and liking questions
(computer/television/radio/tapes) as the within subjects factor.
Results indicated significant differences among the liking
questions, F(3, 174)=12.05, £=.00. Post hoc comparisons using
Bonferroni tests at the .05 significance level indicated that the
radio (M=3.44, SD=1.49) was significantly rated less liked than the
computer (M=4.65, SD=.69), television (M=4.00, SD=1.32), and tapes
(M=4.12, SD=1.14). In addition, children liked working on the
computer significantly better than watching television.
Children were also asked to rate how much they learned by
working on a computer, watching television, listening to the radio,
and listening to tapes. A similar analysis was conducted examining
media condition, gender, and learning questions. Learning questions
was the within subjects factor. Results revealed a main effect of
learning questions (F(3,174)=30.58, p=.00) and a condition by
learning questions interaction (F=9,174)=2.40, B=.01). Regarding the
learning questions main effect, children rated the computer as the
most effective learning tool (M=4.46, SD=.85) followed by tapes
(M=3.42, SD=1.43), radio (M=3.06, SD=1.42), and television (M=2.56,
SD=1
.59). Examination of the condition by learning question
interaction revealed that children in the different media conditions
differed in how they rated their ability to learn across different
media. Simple effects tests indicated children in the media
conditions varied in their ratings of how much they learned from
television, radio, and tapes. Table 6 displays the means for each of
the learning questions by media condition.
Table 6
Mean Rating for each of the Learning Interest Questions by Media
Condition
Condition Computer Television Radio Tapes
Audio 4.39 2.22 2.28 3.11
(.85) (1.56) (1.27) (1.68)
Audio-Visual 4.70 3.12 3.41 3.00
(.69) (1.69) (1.33) (1.37)
Participant 4.53 3.13 3.20 4.00
(1.06) (1.64) (1.61) (1.20)
Observer 4.19 1.81 3.44 3.69
(-75) (1.11) (1.26) (1.25)
Note. Standard deviations are in parentheses.
In addition, there was a marginal media condition main effect
(F(3,58)=2.58, p=.06) whereby children in the participant condition
rated all the learning questions (M=3.72, SD=.86) higher than the
learning ratings of children in the audio group (M=3.00, SD=.82).
Further, there was a marginal gender by learning question
interaction (F(9,1 74)=2.20, £=.09) in which perceived learning from
tapes was greater for females (M=3.77, SD=1.36) than males
(M=3.1 1 , SD=1 .43).
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Children were also asked which way they felt they learned the
best: books, computer, television, or radio/tapes. Fifty-two percent
of the children said that they learned the best by reading books.
Next, 39% chose the computer as the best learning tool, followed by
8% who chose the television, and 1% who chose tapes.
Children were also asked to give examples of their favorite
book, computer program, television show, and what they listen to on
the radio and tapes. Eighty-five percent of the children were able to
name the title of at least one of their favorite books. Interestingly,
94% of the children were able to name the title of a favorite
computer program. Approximately 55% of the computer programs
mentioned were educational in nature, compared to 45% that could
be considered a game format. Eighty percent of the children had a
favorite television program, however, the majority of the programs
were noneducational shows and/or cartoons (91%). Finally children
were asked what they listened to on the radio or tapes. Most
children listen to music on the radio (74%), followed by news or
weather (21%), and sports (6%). The time children spend listening to
tapes seemed nearly equally divided between listening to
songs/music (46%) and listening to stories (54%).
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CHAPTER 4
DISCUSSION
The purpose of this research was to investigate the effect of
different media presentations on children's comprehension and
memory for a story. More specifically, the study focused on
children's ability to make inferences and remember facts and details
as a result of experiencing a well-structured story presented either
by audio, audio-visual, or interactive media. The following sections
will discuss the major findings along with the implications for the
design of children's multimedia products.
Children's Comprehension and Memory
Each child experienced a story told through one of four medium
presentations. Children in the audio condition just listened to the
story told without any visual display. For children in the audio-
visual condition, the story was played in the passive mode and was
similar to watching television. Pairs of children experienced the
interactive CD-ROM condition. One child interacted with the story
(participant) while another child watched those interactions at a
separate monitor (observer). Following the story presentation,
children took part in a memory interview consisting of a free recall
question followed by specific probe questions, a picture sequencing
task, and media perception questions.
Regarding the free recall question, young children free recalled
less information than they were able to recall using specific
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questions or probes. Other studies have also concluded that young
children free recall less information compared to what they are able
to remember with more guided or cued recall (Brown, 1976; Rydin,
1996).
Because The Ugly Duckling” story was purposely chosen for
its well structured linear format, story events were categorized
according to nodes representing story components (setting,
initiating events, responses, outcomes). Children's free recall units
were then matched against the category nodes in the story. Analysis
of these components indicated that children recalled more outcomes
and initiating events and less of the settings and characters'
internal responses. This pattern of recall is generally consistent
with children's recall of well-structured stories as proposed by
story grammar theory (Mandler & Johnson, 1977; Page & Stewart,
1985; Goldman & Varnhagen, 1986; Stein & Glenn, 1978). Story
grammar research suggests the existence of a developmental shift
in story category recall; younger children and adults both accurately
recall initiating events and outcomes, however, children tend to not
recall goals and internal responses. Children's recall of “The Ugly
Duckling” story fit this pattern of recall indicating the presence of
a story grammar scheme.
After the free recall task, children were asked specific fact
and inference questions about the story. Results indicate that
children in all media conditions were capable of comprehending the
story, remembering factual details, and making inferences across
scenes and episodes. Neither at floor nor ceiling level, children’s
memory scores typically fell into the middle range indicating that
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the difficulty level of the questions was appropriate for this age
group.
Interestingly, children in all the media conditions performed
better on the inference questions than the factual questions.
Children's prior experience with "The Ugly Duckling" story may have
contributed to their good performance on the inference questions,
enabling them to make the needed connections across scenes and
episodes. However, children's initial responses to "The Ugly
Duckling" familiarity question at the beginning of the session
indicated poor memory for the story. Even children who claimed
they had heard the story before could only recall approximately one
story component.
Alternatively, Collins et al. (1978) suggests that children are
more likely to make correct inferences when they have correctly
recalled the pertinent central information. Children's relatively
good performance on the factual questions may have contributed to
their ability to make correct inferences about implicit story
content. More than half of the children (56%) mentioned that the
duckling was really a swan at the post-story free recall question.
Comprehending this central concept may have facilitated children's
ability to make the needed inferences to events that happened
earlier in the story.
There were no gender differences found in children's ability to
recall and comprehend the story in any of the media conditions. In
addition, there were no gender differences in children's perceptions
of the different media. At least in the early school years, girls and
boys appear to equally like computers, are interested in learning
from other media, and enjoy both entertaining and educational
software programs. This finding is supported by a number of recent
studies which have found that young boys and girls in the United
States are equally interested in computer activities (Derley &
Wright, 1995; Johnson, 1985; Landerhols, 1994; Pelgrum & Plomp,
1996; Williams & Ogletree, 1992;). However, gender differences
have been found in international studies of children's computer
perceptions (Hughes, Brackenridge, & Macleod, 1987; Pelgrum &
Plomp, 1996) and universally there is an indication that girls’
interest in and liking for computer activities wanes with increasing
grades (Collis, Knezek, Lai, Miyashita, Pelgrum, Plomp, & Sakamoto,
1996; Kaezek, Miyashita, & Sakamoto, 1996; Krendl, & Broihier,
1992; Pelgrum & Plomp, 1996). Possibly early exposure to
computers and related activities will increase both male and female
familiarity and skill with the computer, maintaining children's
interest throughout their school years. Future work should explore
how early positive learning experiences with a computer may shape
later perceptions of computer activities.
Media Comparison: Audio Versus Audio-Visual Mediums
Although all children did relatively well on the memory
questions, there were differences in memory and comprehension
scores among the media conditions. Considering that the procedure
used in this study was identical across media groups (all children
were seated at a display station, heard the story through headphones
attached to a monitor, and received a standard set of interview
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questions and materials), differences among the conditions is not
likely to be due to procedural variations.
Children who experienced media presentations that contained
audio and visual information (audio-visual, participant, observer)
consistently outperformed the audio only group. Children in the
audio only group performed significantly worse on the memory
questions and the picture sequencing task. Their poor performance
was not due to a bias in some of the memory test materials which
might have been more heavily dependent on visual information.
Analyses with narration-based questions revealed similar results;
children in the audio condition still performed significantly worse
than the other media conditions. Children in the audio group
appeared to have more difficulty remembering information that was
a part of the verbal narration than children in the audio-visual,
participant, and observer media conditions. It may be that the visual
display gave the other groups access to more information that
benefited memory either by providing redundant information or by
providing cues that facilitated later recall.
The visual superiority hypothesis claims that children
remember more of what they see than what they hear (Hale, Miller &
Stevenson, 1968; Zuckerman, Ziegler, & Stevenson, 1978). Hayes and
Birnbaum (1980) found that young children remember more
information when it is presented through a visual or audiovisual
context than when it is presented through an audio only context.
Children appear to focus their attention on visual information.
However, Pezdek and Stephens (1984) while replicating the Hayes
and Birnbaum's findings when the audio and visual tracks conflict,
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also found that audio information presented with a matching video
track was remembered equally well by children who watched an
audio-visual display and children who heard the audio alone. The
results of the present research confirm that with a matching audio
and video track, video information does not interfere with
processing audio information.
Further, video information may actually facilitate the
processing of audio information. Gibbons et al., (1986) matched
audio and audiovisual television presentations for character
utterances and actions (visually depicted or verbally narrated).
Children who watched an audio-visual presentation recalled more
utterances than children who heard the audio only presentation.
Visual input did not inhibit the processing of auditory information
and may actually have helped the viewer understand the verbal
information. In the present study, watching the audio-visual display
may have helped to clarify the narration and sound effects leading to
better recall of verbal material.
Another possible explanation for the poor performance by
children in the audio condition may have to do with children's
motivation and interest in the task. Children have been found to be
more motivated and interested in activities that are on a computer
as compared to non-computerized activities (Oyen & Bebko, 1996).
Consider that on the media perception questions all children rated
that they both like and learn from a computer more than from radio
or tapes. Although children in the audio condition were seated at a
computer station, lack of a visual display may have decreased their
motivation to attend to the task and perform well on subsequent
memory questions. However, no differences were found in children's
ratings of how much they liked the story across media conditions.
Since the responses to the media preference questions and
enjoyment of the story were equivalent across media conditions, it
seems that children in the different groups responded to the story
similarly with relatively high motivation and interest in the project.
Past research has disagreed over the influence audio and
audio-visual presentations have on children's creativity. Greenfield
and colleagues have found that radio presentations lead to
significantly greater creative and imaginative responses by children
than television presentations (Greenfield, Farrar, & Beagles-Roos,
1986) while television stimulates more words and actions directly
repeated from the story (Greenfield & Beagles-Roos, 1988). In
contrast, Runco & Pezdek (1984) used the same materials as in the
Greenfield et al. (1986) study, but measured creativity by giving
children an adapted version of "The Just Suppose Test" (Torrance,
1974, as cited in Runco & Pezdek, 1984). Radio presentations were
not found to stimulate more creativity than television
presentations. Although the present study did not actually measure
creativity, analysis of children's free recall did not show any
differences among the media groups. On the specific memory
questions, the audio only group’s poor performance left more
opportunity for creative answers, yet, answers did not appear to be
any more imaginative. Rather, the majority of all errors were
omission errors where the child failed to give an answer or replied
"I don't know". Thus, from the present study, it does not appear that
audio presentations stimulate more creativity than audio-visual
and/or interactive presentations.
Media Comparison: Passive Versus Interactive Mediums
The present study also provided needed information about the
influence of linear interactive media presentations, as compared to
passive media presentations, on children's memory and
comprehension. Only two known studies have looked at differences
among interactive and passive computer presentations. In the first
study, young adults' arousal level and aggressive thoughts were
higher for participants than observers of a violent virtual reality
game (Calvert & Tan, 1994). The second study found recall of
central and incidental content for a story was greater for children
watching a passive computer presentation than for children who
interacted with the story (Derley & Wright, 1995). However, as
previously mentioned, the video condition was of noticeably poor
quality and some of the children had limited computer experience.
Nonetheless, the two studies suggest the possibility that processing
of information may be different by children who watch or interact
with computer programs. The present research examined
differences in memory and comprehension of children who
participated in an interactive CD-ROM (participant), observed
another child's interactions (observer), or watched a passive (audio-
visual) computer presentation.
The audio-visual condition was similar to a television
portrayal in that children watched the story at a predetermined pace
whereas the observers watched the story at a pace determined by
the participant. Thus, children in the interactive observer and
audio-visual (passive) conditions did not have any control over the
display. Although children in the participant interactive condition
were in control of what they viewed on the computer monitor, the
majority of the "hotspots" they chose to activate were rated by
adults as irrelevant distractions to the central story theme.
Results indicated that memory performance was not
significantly different among audio-visual, participant, and observer
conditions. Controlling the input and pace of a program did not
affect children's memory and comprehension of the material.
Children who watched the story performed just as well as children
who interacted with the story.
One possible explanation for children's good performance and
interest in computer tasks is that it is a novelty effect (Krendl &
Broihier, 1992; Lipinski, Nida, Shade, & Watson, 1986); at first
children are especially interested in computer activities, but with
repeated use, interest wanes. However, in this study, all the
children had previous computer experience, using a computer either
in their classroom or computer lab, and 72% had a computer at home.
Additionally, all children had experience using a wide variety of both
educational and entertainment software. Another study has found
that computer interest in elementary school children tends to run in
the opposite direction than that of a novelty effect; enjoyment
ratings remain high or continue to rise across grades 1-3 (Kaezek et
al., 1996). Thus, the results do not support the idea that children’s
good performance was a function of the novelty of the computer.
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Again, motivation for computer activities may have played a
role in children’s performance in the computer conditions. Children
in the present study rated the computer as an extremely viable
learning tool, indicating that they may approach the computer, ready
to learn, and motivated to attend to what is displayed on the screen.
However, with such vast experience with a variety of software, one
would expect variability in their motivation to attend to the
computer. It seems likely that children who actually controlled the
display would be more motivated to attend to the material, while
children who watched a passive display or watched another child,
would be less motivated toward attending to the material. Yet,
there were no differences among the groups in terms of memory or
comprehension.
Effect of Irrelevant Information
Another interesting finding is that watching irrelevant objects
and animations did not distract children in the interactive
conditions (participant and observer) from comprehending the story.
This is not consistent with the literature on computerized feedback
with computer assisted instruction programs (Schooler & Anderson,
1990). Immediate instantiations of material (feedback) that
interrupt a target learning program compete with the program for
working memory resources. Loss of the program information from
working memory results in the learner being less able to understand
and compile the material. ACT theory claims that in order for
information to be processed, all of the relevant information must be
in working memory. Any process that forces relevant information
out of working memory could disrupt information processing and
impair learning (Anderson, Conrad, Corbett, 1989 ). Yet, this was not
the case for children's memory for "The Ugly Duckling" story.
Although The Ugly Duckling" story was not designed to give
‘feedback’ to users, the storyline in the interactive condition is
constantly interrupted by irrelevant animations and sound effects
that could potentially disrupt comprehension and memory for the
story. Yet, children (participants and observers) who viewed
irrelevant animations were just as able to remember factual
information and make inferences across scenes and episodes as
children in the audio-visual (non interactive) condition.
Interruptions by irrelevant material did not negatively affect
children’s comprehension of the story.
The ability of children in the interactive conditions to still
retain story components despite interruptions seems to indicate the
presence of a well-established story structure. The traditional
structure of “The Ugly Duckling” story in addition to a developed
story grammar schema may have allowed these first grade children
to process story information while choosing (participants only),
viewing, and enjoying the animations of clickable objects on the
screen.
Analyses examining the first objects children in the
participant condition chose to click on provides additional evidence
for the presence of a well-established story grammar. Fifty-three
percent of the first clicks on a page were to a relevant object or
character. This finding is important given that there were a wide
variety of clickable options on each page, the main characters were
not always the most prominent, and that the resulting animations
for the main characters were not as exciting as other less relevant
hotspots. Yet, children seemed to have some sense of the story,
choosing to activate relevant objects/characters first.
In sum, it appears that if children are presented with
materials for which they already have well established knowledge
structures, they can tolerate much relevant and nonrelevant
interaction without negative effects on learning. Since the majority
of the clickable objects in "The Ugly Duckling" story were irrelevant
to the storyline, it is possible that "hotspot" animations that are
more relevant to the story or provide additional story information,
may benefit children’s comprehension and memory. Further, this
study found that the passive child or observer in a pair of children at
the computer is not at a disadvantage because he/she is not
controlling the display. Rather, interaction, distraction, and control
issues do not seem to affect comprehension and memory for a story
provided that the story is well structured, the children have well
established story grammars, and are familiar with using the
hardware.
The notion of what interactive means may need to be refined.
Although not statistically significant, children in the observer
condition performed consistently better than children in the other
conditions across all measures. Children in the observer condition
also displayed behavior that could be considered quite interactive;
they used their fingers to trace the cursor movement across the
screen. Despite being seated at a different monitor separate from
the participant child, watching a visual display in which the images
and program pace was controlled by someone else, the observer
children remained completely attentive to the monitor, using their
eyes and fingers to follow the other child’s cursor movement.
Additionally, the observers' memory score was positively correlated
with the number of hotspots that the participant child activated.
Watching an exploration of a CD-ROM program controlled by someone
else may have beneficial effects for comprehension and memory of
the material.
Of course, it may be that the observer child knew that a
classmate was controlling the display which increased his/her
interest in the computer activity. Despite participating in pairs,
their experiences were quite individual. Children were not able to
see or talk to each other, each had separate display stations, and
different interviewers. Because both children were listening to the
story through separate headphones, neither child saw or heard what
the other child was doing. Nonetheless, most children probably
figured out the connection before the CD-ROM was finished. Yet
again, there was no difference on the liking and learning media
preference questions between participants and observers and
children were randomly selected out of their classrooms to insure
that they were not paired with a close friend.
Patterns of Exploration
The present study, while complementing and extending
previous research examining the effect different media
presentations have on learning and memory, was the first study in
which children's interactions with a computer activity have been
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documented in relation to their understanding and memory for the
material. Although the number of interactions with the CD-ROM was
not related to participants’ memory for the story, analysis of their
explorations suggest some interesting patterns among children’s
interactive computer use. First, there was a surprising amount of
variability in children’s interactive behavior. Children seemed to be
either low clickers (clicking zero or once on a page) or high clickers
(clicking innumerable times on each page). As further support that
children's performance on computer tasks is not related to
motivation, there was no difference in the memory and
comprehension scores of children who were motivated to click many
times and those who were motivated to click few or no times. Thus,
comprehension and memory of a story does not seem to be affected
by the amount of interaction with the computer program.
Furthermore, what children chose to interact with appeared to
be related to gender. Boys, as compared to girls, clicked on
significantly more objects. Girls, although not statistically
significant, were more likely than boys to click on words. Future
projects may want to more fully explore the nature of children's
interactions across different types of software and as related to
characteristics of the child. It may be that different software
programs afford different types of interaction with the computer by
boys and girls which may affect learning.
In addition to examining children's patterns of interaction
throughout the entire CD-ROM, a more microscopic view was taken
to explore children’s choices within the individual pages.
Interestingly, examination of hotspot activations on each page
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suggested that children's interactions may be somewhat systematic.
The following paragraph describes children's typical interactions on
any given page.
As previously mentioned, children generally chose a relevant
object or character as their first hotspot activation. Next, children
clicked around on characters or objects that were clearly visible on
the screen. Boys tended to do more exploring for hidden hotspots
(e.g., sky, land, water) in background scenery or peripheral areas of
the screen. Eventually a hotspot would get clicked on that had
already been activated. Repeated animations or sound effects
typically prompted the child to advance to the next page.
Interestingly, some of the hotspots would activate a different
animation when clicked on a second time. Usually found
accidentally, children tended to repeatedly click on that hotspot,
until the cycle of different animations was complete. However,
children tended not to view animations repeatedly, rather once they
had seen an animation, no matter how entertaining or interesting,
they moved on to other objects.
On every page of the CD-ROM, there were two icons located at
the very bottom of the screen in the margin area. These two icons (a
house and a musical note) were removed from the story page area,
but still visibly present on the screen. Although children were not
told that the house returns the user to the main menu and the
musical note brings the user to an area for songs, no child in the
interactive condition ever clicked on either icon although they were
told they could click anywhere on the screen. Children's avoidance
of these icons may be due to their computer experience along with
their desire to explore story relevant information. Children realized
that clicking on these objects would take them out of the story
leading them to games or options irrelevant to the story content.
Children seemed knowledgeable about the iconic symbols in
computer software programs and aware of the relevance of icons to
the program.
I mplications—for C hildren's Multimedia Design
Given this description of children's typical interactions with a
story CD-ROM, a number of suggestions can be made in terms of the
design of multimedia products for children. First, children’s
attention to relevant objects suggests that they may have been
interested in hearing more about the story or seeing animations
relevant to the story content. One possibility is to create
interactive pages where the hotspots animations and sound effects
enhance and benefit story material. Although the irrelevant
animations did not hurt memory and comprehension, interaction with
more relevant material could lead to increased memory and
comprehension.
Second, the majority of children did not interact much on the
pages where the main character was missing or that contained just
background scenery. For example, on page 7 in the CD-ROM, the ugly
duck flies away, leaving a picture of a deserted farmyard surrounded
by a fence and grass and rocks. Although this page contained more
clickable hotspots than any other page (each fence panel, each rock),
overall children clicked the fewest times on this page. It is unclear
if repeated use of the CD-ROM would have sparked more exploration
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for hidden hotspots. Nonetheless, children were more interactive on
pages that contained objects and characters that were clearly
visible.
Third, it is not the case that children just kept clicking on
entertaining or favorite hotspots over and over, rather, children
clicked on a hot spot once and rarely went back to that spot unless
by accident. One exception is for animations that happened quickly
and/or were hard to understand initially. For example, at the
beginning of the CD-ROM, mother duck is sitting on an egg.
Activation of the egg results in a strange "grinding noise" that was
not very dynamic or relevant to the concept of the egg hatching.
Many children clicked repeatedly on this hotspot; presumably the
first time expecting it to hatch and the remaining times trying to
figure out the significance of the sound. Children seem surprised
and confused by central objects that did not have relevant
animations associated with them.
Fourth, although there was no difference between girls' and
boys' ratings of how much they like and are interested in learning
from computer activities, there was an indication that gender
differences may exist in children's patterns of exploration within a
CD-ROM. Girls seemed to orient more toward the words and
narration, clicking less on objects. Boys, on the other hand,
appeared much more likely to explore the pages, searching for hidden
hotspot activations. Unfortunately, many software programs
currently marketed for children are geared for boys. In terms of
producing successful multimedia products, designers may want to
incorporate both the activities that interest boys and the activities
that interest girls into their software programs.
Finally, the observer children typically had an interesting
reaction to watching the participant child’s interactions with the
computer; following the cursor on the screen with his/her finger.
Children observing interactions were clearly interested in and
motivated by the choices of the other child. In terms of design, a
most effective environment for learning may actually be when the
exploration is controlled by an expert, possibly highlighting and
choosing relevant and significant information to activate. Results
from the present study indicate that not controlling the computer
program certainly does not hinder memory and comprehension of the
material and the ‘interactive behaviors’ displayed by observers may
actually promote learning and memory.
In sum, future multimedia design should consider the relevance
of the objects to the central story line, the types of visual and sound
effects that are used to attract both boys' and girls' attention and
curiosity, and the comprehensibility of the resulting animations.
Clearly, just watching an interactive CD-ROM can be just as
stimulating as controlling one. Multimedia designers should take the
educational content into consideration to determine the most
effective presentation format accompanied by the most relevant and
informative animations.
Limitations
Some methodological questions mediate the interpretation of
the present data, and provide directions for further research. First,
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the project involved only one linear story CD-ROM. Although “The
Ugly Duckling” story was chosen because it was well-structured and
could be analyzed in terms of story grammar components, the
results of the study may not generalize to stories that are less
structured. Also, the CD-ROM kept the story in its traditional linear
structure; however, CD-ROMs are typically used because they allow
the user to experience material in a nonlinear form. Thus, it is
unlikely that the results of this study would have been the same if
children had experienced a nonlinear media presentation.
Nonetheless, “The Ugly Duckling” provided a good example of a
traditional children s story that has been adapted to computer
technology. Further, there are a wide variety of story CD-ROMS on
the market for children that use a linear presentation form. Because
these story CD-ROMS are being employed in Headstart programs and
classrooms around the country, research into how the linear story
CD-ROM affects comprehension and memory is extremely important.
Another consideration involves the sample of children used in
this study. Derley and Wright (1995) found that children who were
less experienced in using the computer had more difficulty attending
to the content on the screen and subsequently performed worse on
memory and comprehension questions than more computer
experienced children. All of the first graders in the present study
were quite experienced in using the computer and a wide variety of
software packages. Additionally, children in the participant
condition were given a warm-up computer activity designed to
familiarize themselves with the mouse and concepts such as
dragging, and clicking. None of the children experienced any
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difficulty in this task, and no child ever appeared frustrated by the
mouse during the story presentation. Thus, the results regarding
memory performance and comprehension found in this study may not
extend to populations of children who are not familiar with the
computer and its hardware. Further, children might benefit from
participating in activities that teach them how to drag, point, and
click the mouse on objects on the screen before engaging in
educational software activities.
Differences in performance may also have been seen with
younger children who do not have fully developed story grammar
structures. The children in the present study, had extensive
experience with books and reading materials and were quite able to
keep the central elements of “The Ugly Duckling” story in memory
while watching distracting and irrelevant animations. It may be the
case that children with a less developed story grammar would have
more difficulty comprehending and storing story information in the
presence of distracting stimuli.
Finally, most of this experimental evaluation of media's
impact on comprehension and memory was conducted in a elementary
school setting with conditions that were not typical of most
classrooms. Although children in this study were able to work on
the computer individually, results may be different if children are
placed in a peer collaborative setting at the computer. Typically,
the lack of adequate funds for computers in elementary schools
usually requires that young children work at computers in pairs or
small groups. Although this study found no difference between
participants and observers in terms of comprehension or memory of
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material presented on the computer monitor, children did not engage
in any social interactions with each other. A number of studies have
found that more than one student at a computer increases the
amount of verbalization, discussion, and peer tutoring which may
facilitate learning (Webb, 1982; Webb et al., 1986).
Although there were no differences in terms of memory or
comprehension for the story by children in the participant
interactive condition, those children who observed the interactions,
and those who just watched a passive display of the story, it is still
possible that interaction may be especially valuable. Results are
based on a very small sample with a great amount of variability in
clicking behavior. It may be that effects on memory and
comprehension were masked by the variability in the amount that
children clicked on the pages of the CD-ROM. Future work should aim
to explore and document children’s interactions with linear and
nonlinear computer CD-ROM programs across a variety of content
areas. Different educational domains (science, math, literature)
may affect children’s interaction style and require different types
of organization and presentation to effectively convey the material.
Conclusions
Several interesting findings emerged from this study. First,
computer-based activities facilitate learning and memory for story
elements more than a purely audio presentation. Second, within the
computer-based activities, memory and comprehension for the
material was not affected by the presence of irrelevant and
distracting animations and sound effects. Children were able to
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discern the essential elements of the story and remember events and
details relevant to the story structure. Third, control over the
visual display and/or pace of the story did not affect memory or
comprehension. Rather, there was some indication that observing
without controlling an interactive display may facilitate learning.
Fourth, research on peer collaboration has also found benefits for
children working together at tasks. The present findings also
suggest that there does not appear to be any negative effects on
learning for the passive or observer child in a pair of children
working on a computer. However, care needs to be taken to not
generalize these findings to a group of students watching a passive
CD-ROM presentation. Most software programs are geared for
individual instruction and the verbalization benefits of peer
collaboration have typically been found small groups containing only
2-3 children.
Future work needs to determine how the amount of interaction,
relevance of the hotspot, and type of educational material relate in
determining children's memory and comprehension of the activity.
There may be more advantages to interactivity then those found in
this study. In particular, additional cognitive benefits may occur if
children are allowed to activate more relevant information. In the
future, designers and researchers should carefully consider how
incorporating more relevant information into the hotspot activations
may increase children's learning and memory for the material.
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APPENDIX A
INTERVIEW QUESTIONS
Pretest
1.
Have you ever heard the story "The Ugly Duckling"?
if yes, can you tell me the story? What happens?
if no, what do you think the story may be about?
Posttest
Verbal Task
20 seconds to name as many ...
1. Things to eat
2. Animals
3. Things to wear
4. Things you ride
Free Recall Question
1. Can you tell me what happened in the story you just heard?
Anything else?
Narration-based Questions
2. Where did the story take place?
3. What was the mother duck doing at the beginning of the story?
4. What did the mother duck think was missing?
5. How was the Ugly Duck different from the other ducks?
6. What did the kitchen girl do to the ugly duckling?
7. Who did the duck meet in the cottage?
8. What could the cat do?
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Visually Dependent Questions (inference for audio)
9. What color was the ugly duck?
10. Who did the ducks meet when mother duck brought them to thebarnyard?
11. The duckling wanted to be like the "beautiful birds" that he saw
what kind of birds were they?
12. Why did the duckling leave the farmer's house?
13. What do the kids at the park say and do to the duckling?
14. Who did the ugly duckling meet at the end of the story?
Inference Questions
15. Was the egg that the mother duck found really one of her eggs?
16. How did the mother duck feel when she saw the duckling?
17. Why was the duckling able to paddle more beautifully than the
other ducklings?
18. Why wasn't anyone nice to the duckling?
19. The duckling met geese who invited him to a nicer swamp, why
didn't the duckling go with them?
20. What kind of bird was the ugly duckling?
21. At the end of the story why didn't any of the other ducklings or
kids recognize the ugly duckling?
Moral Question
22.
What do you think the story was trying to teach you?
Picture Sequencing Task
Given 8 pictures from the story in a random order, the child is asked
to put them in the correct order.
Media Preference Questions
1. What did you like best about the story?
2. What was the worst part about the story?
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ranging from "very much" to "not
Child is shown 5 point rating scale
at all".
3. How much did you like the story?
4. How much do you like working on a computer?
5. How much do you like watching television?
6. How much do you like listening to tapes?
7. How much do you like listening to the radio?
8. How much do you think you learn by working on a computer?
9. How much do you think you learn by watching television?
10. How much do you think you learn by listening to the radio?
11. How much do you think you learn by listening to tapes?
12. What do you think the best way to learn is: book, television,
radio, tapes, or computer?
13. What is your favorite book?
14. What is your favorite thing to play on a computer?
15. What is your favorite television show?
16. What do you listen to on the radio?
17. What do you listen to on tapes?
18. Do you have a computer at your house?
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APPENDIX B
STORY GRAMMAR FOR THE UGLYDUCKLING
CATEGORY TYPE
OF
INFO
STATEMENT
1. setting state It was the best part of summer
2. setting state Down near the marsh, next to the
farmhouse
3. initiating
event
goal A duck was sitting on a very important
project
4. Dialogue M:"oh 1 think they're about to hatch."
Ducklings: "Quack Quack! Wow!"
5. i n itiati ng
event
action The eggs hatched
6. response action But when mother duck counted them
7. outcome state One was missing
8. Dialogue
(state)
Mom: "Everybody start looking"
Female Duck: "Its right there, it hasn't
hatched yet
M: "well so it hasn't"
FD: "good luck"
9. initiating
event
state Finally, her last born cracked out of his
shell
10. response affect He was the ugliest thing she had ever
seen
11. Dialogue
(action)
Ducklings:"ugh! Honk!"
M:"l want all of you to follow me"
12. initiating
event
action Mother duck took her new family for a
swim around the marsh
13. outcome state The newest duck paddled beautifully
14. Dialogue Ducklings:"Quack, Quack, Honk, Wow"
15. initiating
event
action Next, Mother duck took her family to
the barnyard to meet everyone
16. Dialogue "Sound effects:"chirping, oh, screech"
17. response state No one but no one was nice to the ugly
duckling
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18. Dialogue Ducklings: "he he"
UD: "hi"
D. get out of here, we're playing, we
don't want you around"
19. initiating
event
action One day, the kitchen girl kicked the
ugly duckling out of the wav
20. response affect Using all his courage and strenath
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outcome action The ugly duckling flew out of the
barnyard for qood
22. Dialogue KG:"out of the way you ugly duckling"
UD:"Nobody loves me, I'm leavina"
23. initiating
event
action The ugly duckling landed in a swamp
24. response state where he spent his first night alone
25. setting state when dawn came
26. initiating
event
state two wild ducks came by
27. Dialogue WD:"what kind of duck are you.... a very
ugly duck that's what"
28. initiating
event
state Next two wild geese stopped by
29. response goal Before the ugly duckling could follow
them
30. response affect A terrifying thing happened
31. Dialogue G:"what are you doing in this musty old
swamp? You are ugly but you can come
with us if you'd like. We are going to
visit a flock of very pretty geese in a
much nicer swamp right nearby. But
you can come, yes do come"
Sound effects: "GUNFIRE"
32. outcome action The ugly duckling ran from the swamp
33. initiating
event
state and came to an old cottage
34. response affect It was a risk
35. outcome action but he went inside
36. Dialogue sound effects:"screech, cricket sounds"
37. initiating
event
state An old woman lived in the cottage with
her cat and her hen
38. outcome action After 3 weeks and no eggs, she threw
the ugly duckling out
39. Dialogue Cat: Who are you?
UD.-'Tm the
... I'm ugly"
Cat: "Can you purr? My name is Ramsey,
1 can purr and give off sparks. Look!"
Hen. cluck, who are you talking to?'
Cat:" look for yourself"
UD:'Tm ugly"
Hen. can you lay eggs, well 1 can lay
eggs."
40. response affect It was good to be out of doors aqain
41. response state but the ugly duckling was still ualv
42. Dialogue UD:"oh, this feels wonderful"
Kids:"look at that duck, look that this"
43. setting state Soon it began to grow cold
44. Dialogue UD:"look who are they? They must be
the most beautiful birds in the world.
1 wish 1 could fly with them. 1 wish 1
could.
"
45. setting state Winter came.
46. initiating
event
state The opening in the ice where the ugly
duckling swam grew smaller and
smaller every day
47. Dialogue Man:"poor little fellow, let's see if we
can help"
48. initiating
event
action A kind farmer brought the ugly duckling
home
49. outcome state but it wasn't long before another
disaster struck
50. Dialogue child's voice: "hey look he's alive"
sound effects
51. setting state Time passed
52. setting state The snow melted
53. setting state And the grass turned green
54. initiating
event
action The ugly duckling changed along with
everything else
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55 . outcome Dialogue UD:"what difference does it matter if
its spring again, I'm so ugly everyone
hates me. I'll never find a true friend.
Female Swan:"do you think I'm uqlv
too?"
UD. no, I think your the most beautiful
bird I've ever seen"
FS:"Well then look in the water"
UD:"l'm a swan!"
FS:"Of course you are silly, what did
you think you were"
Child voices:"There he is, there's the
new one, he's my favorite. ..Mine too,
he's beautiful... he's beautiful!"
Ducklings: "who 's that? He looks
vaguely familiar"
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APPENDIX C
EXAMPLES OF CHILDREN'S HIGH AND LOW INTERACTIONS
OF THE UGLYDUCKLING STORY
WITH A PAGE
High clicking behavior:
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Low clicking behavior
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